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MASTERY LEARNING, THE EFFICIENT APPROACH 
TO FOREIGN LANGUAGE ACQUISITION 
Barbara von Wittich1 
ABSTRACT. The purpose of this experiment was to investigate the possi-
bility of reducing student failure in elementary foreign language courses 
by use of th.e mastery learning approach. Since at the undergraduate · lev-
el the academic environment presents the student with an overwhelming 
amount of subject matter to be absorbed within a relatively short time, 
teaching and evaluation methods should be designed to facilitate the 
learning process. It was assumed that this could be accomplished by pro-
viding the student with precisely defined learning tasks that can be mas-
tered within the limits of the academic term. To allow for individual 
differences in the amount of time necessary to achieve the objectives, 
students were allowed to retake unit tests until the mastery level of at 
least a grade of "B" was achieved. These assumptions were corroborated 
by consistent evidence indicating that evaluation of achievement based on 
nonpunitive retaking of unit tests, combined with mastery learning, pro-
vided a more successful learning experience to a larger number of stu-
dents than the application of conventional evaluation methods based on 
traditional expectations concerning achievement. 
INTRODUCTION 
To reduce the excessive rate of attrition in elementary foreign lan-
guage courses, the majority of students must be provided with a success-
ful learning experience. This means abandonment of the fatalistic belief 
in the "normal distribution" whereby achievement in the classroom is ex-
pected to fit the normal curve as does body height in a random sample; 
also that failure of a certain percentage of students is regarded as in-
evitable. "But education," Bloom (1). says, "is a purposeful activity, 
not a random process. " There fore, achievement distributions should be 
very different from the normal curve if instruction is effective. In 
fact, "our educational efforts may be said to be- unsuccessful to the ex-
tent th.at student achievement is normally distributed." 
Thus, it is necessary to create a learning environment in which fail-
ure is reduced to a minimum. This can be accomplished by simple means: 
first, by taking into consideration two factors that dominate the for-
eign language learning process, namely, cumulative mastery and time; sec-
ond, by recognizing t h at language study at the college level takes place 
in a complex educational setting where each course makes its demands upon 
the student's limited time. Consequently, foreign language instruction 
should be approache.d in such a way as to facilitate and simplify the 
learning process, thus assuring a maximum of suc-cess within a minimum of 
time required to master the subject matter. Any other approach is unreal-
istic in today's hectic world and opposes what Ortega (61 called the 
"principle of economy in education." 
1Associate Professor, Department of Forei_gn Languages and Literatures, 
Iowa State University, Ames, Iowa 50011. 
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PURPOSE OF THE INVESTIGATION 
The purpose of 
reducing failure by 
evaluation procedures 
learning strategies. 
this investigation was to study the possibility of 
controlling achievement and the time factor through 
involving precisely defined objectives and mastery-
This approach. is based on the following rationale: 
(1) Because of the cumulative nature of language learning, the 
mastery of clearly defined learning tasks is of greatest im-
portance. Poli tzer ( 7) said that "every experienced teacher 
knows the chances that the pupil who does not have the foun-
dations will catch up and at the same time learn the new 
material are practically nil." 
(2) Basic to the mastery-learning concept is the assumption 
that, given sufficient time, every student can attain a mas-
tery level of initially established objectives. According 
to Marshall (.5) , "results show that a consistent application 
of mastery learning slowly reduces the amount of extra time 
it takes to bring the slow learners up to mastery, until 
eventually they can be taught in the main stream." 
(3) With clear-cut performance objectives the students know what 
to expect and thus (Bl "can concentrate on learning the ma-
terial rather than spending their time guessing what would 
be on the test." 
EXPERIMENTAL DESIGN 
The statistical analysis was concerned with an investigation of dif-
ferences in achievement between the experimental and control groups in 
first-quarter elementary German. 
The investigation involved 104 Iowa State University students en-
rolled in four sections of German 101 taught by two instructors, each 
teaching an experimental and a control group. The subjects were randomly 
assigned by the computer to the four sections and distributed among the 


























The experimental and the control groups did not differ significantly as 
to high school rank., the number of years of high school instruction in 
German, and sex. Both groups received identical treatment as to the sub-
ject matter covered and the con tent and format of unit tests. Both groups 
were provided with the same handouts covering the grammatical objectives, 
vocabulary, and idiomatic expressions for each unit. 
The experimental groups were given opportunity to retake without 
penalty th.e 12 oral and written unit tests until the passing level of at 
least a "B" grade had been achieved. The control groups were not given 
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this opportunity and graded traditionally A, B, C, D, and F. Both groups, 
at the same time and place, were administered the departmental final 
examination covering chapters one through four (subdivided into 12 lev-
els) of the text Modvm GVtman., 1st ed. by Vail and Sparks. 
The criterion of achievement was the raw score on the final examina-
tion, which was composed of an objective and a written part. The objec-
tive part consisted of 100 multiple-choice items emphasizing listening 
comprehension, grammatical structure, and vocabulary. The written part 
required the translation of a dialog from English into German, involving 
both the grammatical and idiomatic aspects of the target language. 
ANALYSIS OF RESULTS AND CONCLUSIONS 
The results of this investigation, as presented in Table 1, corrobo-
rate the findings of previous research conducted by the author from 1970 
to date (Figure ll. Thus, students exposed to the experimental method 
involving mastery-learning strategies performed consistently better on 
the departmental final examination than the control groups. As indicated 
by the s ize of the standard deviations, mastery-learning strategies con-
tributed to a lower degree of variability in raw score distribution, the 
bulk of cases being at the high achievement end (Figure 2). 
As is evident from Table 2, the distribution of grades on the final 
examination differs from that of the final course-grade distribution. 
This was to be expected because the final grade had to be based on both 
the achievement on unit tests (50%}_ and on the results of the final ex-
amination (50%).. There is also a low correlation (. 404) between the 
achievement on unit tests and on the final examination due to individual 
differences in the degree of mastery and motivation. The author has con-
sistent evidence that some of the "fast" learners, counting on their good 
record, fail to prepare themselves sufficiently for the final examina-
tion. This attitude is the logical result of the customary approach to 
final evaluation which does not attach. sufficient weight to ultimate mas-
tery so essential for future progress. 
Thus, the consistency of results obtained during 8 years of research 
leads to the following conclusions: 
(1) In foreign language learning, the achievement on a compre-
hensive final examination is the most precise reflector of 
th.e degree of mastery attained by the students. As Block 
(2} said, "mastery is a holistic concept ... . 'Ihe only way 
that mastery of the whole can be reflected is when one tests 
for the whole." Even though the mastery criterion was ap-
plied to unit tests only, it resulted in better and more 
homogenous final achievement than the conventional approach 
to evaluation. 
(2) The possibility of retaking unit tests without penalty takes 
much of the tension out of foreign language learning and 
provides an incentive for better achievement. It gives the 
slower student more time and provides the student with a 
heavy course load an opportunity to catch up. The instructor 
becomes better acquainted with_ the students, and thus can 
interact with them more efficiently. In fact, instructors 
who have used the mastery-learning approach become ''hooked" 
on this method because student reaction is very favorable , 
and the results warrant the additional effort on the part 
both. of students and teachers. 
Table 1. German 101, comparison of results on departmental final examination, fall 1977. 
Objective test Written test Total score 
Experimental Control E xper imen tal Control Experimental Control 
group group group group group g roup 
N 54 N 50 N 54 N = 50 N = 54 N = 50 
Instructor Mean S .D. Mean S . D. Mean S .D. Mean S .D. Mean S . D. Mean S .D. 
A 85 . 33 7.60 78.30 B.85 161. 20 15.93 148.42 38 .48 246 . 56 21. 72 227.25 49.48 
B 83.10 9 . 02 8 1.46 10 .77 152 .55 22.40 140.29 35.65 235 . 65 30.90 221. 73 45.47 
A and B 84.09 8 . 58 80 . 20 15 . 05 156.39 20.23 144 .19 34 . 48 240 . 50 27 . 45 220 . 18 55 .45 
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Figure 1. Compariscn of achi evement on objective p art of departmental final examinati on in 































............ // .... _______ _ 
c 
TERM 
Figure 2. German 101: comparison of course grade distributions. Fall 
classes 1972-1977 (N=853). 
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Table 2. German 101, comparison of grade distributions, fall 1977 
Final examination Course 9:rade 








group group group group 
N % N % N % N 
16 29.6 11 22 27 50.0 20 
19 35.2 21 42 19 35.2 18 
14 25.9 8 16 5 9.3 6 
5 9.3 5 10 3 5.5 5 
0 0 5 10 0 0 1 
54 50 54 50 
(3) The insistence on cumulative mastery leads to irrproved study 
habits and is the only efficient approach to the acquisition 
of linguistic skills. Aimed at precision learning, it gives 
the student a solid basis for progress at subsequent levels. 
On the other hand, tolerance of approximative or insuffi-
cient learning contributes to cumulative failure. 
(4) Mastery-learning strategies can be successfully used at the 
college level within a conventional classroom setting and 
with a conventional text. Although, as Block (2) says, it is 
necessary to "do a heck of a lot to that textbook to make it 
te ach_ab le . " 
(5) The data in Table 1 show clearly that methodology and in-
structor are interacting variables that cannot be separated 
easily from each. other. Their combination determines tea-
ching effectiveness. However, methodology seems to outweigh 
the teacher variable as is indicated in the case of instruc-
tor A whose students in the past (Figure 1) used to perform 
consistently below average on the departmental final exami-
rration, but, exposed to the mastery-learning approach, 
achieved above-average results. 
(6) Although the results of this investigation confirm those 
from previous research, namely, that the mastery-learning 
approach leads to "more horrogenous achievement levels" (2), 
they do not provide sufficient evidence for the claim that 
"rrost limits on human beings' learning are self-imposed" and 
th.at "there isn't such an animal as the 'abler student'." 
This state of things may indicate that, in order to be still 
more effective at the college level, mastery-learning stra-
tegies should be introduced in education as early as pos-
sible. This could, perhaps, prevent the cumulative effects 
of poor study habits as well as of learner conditioning into 
a negative self-concept so characteristic of the convention-
al approaCh to education where very early in life high or 
low I.Q. labels are attached to the learner instead of try-
ing to reduce individual differences through "appropriate 
teaching methods (21 • There is evidence that "students 







250 von WITTIQI 
11 mastery-cri terion manipulation may produce dramatic beha-
vioral effects. 11 Carlson and Minke (A). state that "ascend-
ing criteria wi 11 result in optimal study habits. 11 However, 
much. more research is necessary to understand better the 
interplay between the environrrent and heredity. 
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ATTENUATION OF RADIATION IN MOISTURE-
STRESSED AND UNSTRESSED SOYBEANSl 
M.V.K. Sivakumar2 and R.H. Shaw3 
ABSTRACT. Attenuation of photosynthetically active radiation (PAR) and 
net radiation (NRADl in the soybean canopy was determined three times 
during the 1976 growing season by using vertical profiles of radiation 
and leaf-area-index values. Extinction of PAR and NRAD in the canopy was 
accurately described by the Bouguer-Larnbert law. The regression model 
accounted for more than 95% of the variation in all cases. Net radiation 
incident on the canopy was highly correlated with photosynthetically ac-
tive radiation incident on the canopy. Within the canopy they were not 
closely related. Stressed plants had greater radiation penetration than 
did unstressed plants. 
INTRODUCTION 
Irradiance is not uniformly distributed over the surface of all 
leaves in crop canopies under field conditions. Available energy de-
creases progressively from the top of the canopy downward. The radiation 
values of greatest interest in plant cornmuni ties are net radiation (NRAD) 
and photosynthetically active radiation (PARl because of their close 
association with evapotranspiration and photosynthesis, respectively. 
Several models have been proposed to describe the attenuation of ra-
diation through the crop canopy. Monsi and Saeki (1953) first proposed 
that light penetration through a canopy would closely obey the Bouguer-
Larrbert law for extinction through_ a homogeneous medium. The Bouguer-




where Ix is the radiant flux density at the point in question, a distance 
x from a source, where the flux density is I 0 , and K is the extinction 
coefficient. This h-as been adopted for use in measuring radiation extinc-
tion within a canopy by replacing x with L, the leaf-area index above the 
point or depth in question, and I
0 
becomes th_e incident radi ation upon 
the canopy. 
The Bouguer-Lambert law h as been applied to soybean canopies by a 
number of researchers (Sakamoto and Shaw, 1967; Singh et al., 1968; Lux-
moore et al., 1971; Hansen, 1971). Hatfield and Carlson (unpublished 
lJournal Paper No. J-9258 of the Iowa Agriculture and Home Economics Ex-
periment Station, Ames, Iowa 50011. Project No. 2088. 
2Graduate Research Assistant, presently Scientist, International Crops 
Research- Institute for Semi-Arid Tropics (ICRISAT), Hyderabad 500 016, 
A.P., India . 
3Professor of Agricultural Climatology, Department of Agronomy,Iowa State 
University, Ames, Iowa. 
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data) 4 found that, within the visible (0.4 - 0. 7 µm) or near-infrared 
(0.7 - 1.1 µm) bands of radiation, the extinction coefficients could be 
treated as a single coefficient. The coefficients were quite different 
between the two regions. Singh et al. (1968) found similar patterns. 
The present study was undertaken to compare the extinction coeffi-
cients for PAR and NRAD in soybean canopies with different degrees of 
moisture stress and at different stages of development. 
MATERIALS AND METHODS 
The experiment was conducted in 1976 on Ida Silt loam soil (fine, 
silty, mixed (calcareous} mesic family of Typic Udorthents) at the West-
ern Iowa Experimental Farm, Castana, Iowa, U.S.A. The plot areas faced 
west with. about an 8% slope. Soil chemical characteristics of the plot 
areas were given in an earlier paper (Si vakumar et al. , 1977) . 
The experiment was laid out in a randomized block design with four 
replications. Each. replication consisted of two plots, one plot in which 
the interrow strips of soil were covered with a 4-mil black plastic film, 
and the other plot left uncovered. Steel staples were used at 1-ft in-
tervals to firmly secure the plastic film on the ground around the base 
of the soybean plants. For simplicity the treatments will be referred to 
as t<covered" and "uncovered" to identify the black plastic and bare 
plots, respectively. The purpose of the black plastic cover was to alter 
the soil-water status under field conditions by preventing the rainfall 
from seeping into the ground and by reducing the evaporative losses of 
soil water. The uncovered plots were given two irrigations, one on July 
12 and one on July 21, each. measuring 5-6 cm of water. Irrigation facili-
tated the development of a range of moisture-stress conditions on the 
soybean growth. Individual plots were 50 m long and seven rows (100 cm 
apart) wide. Inoculated Wayne cultivar soybeans were planted in east-
west rows on May 12. 
NRAD and PAR were measured several times during the growing season. 
For simplicity, only data collected on three different dates are pre-
sented here. NRAD was measured with a precalibrated portable net radio-
meter (C.W. Thornthwaite Associates, Elmer, New Jersey). PAR was measured 
by using a quantum sensor equipped with a quantum meter (LAMBDA Instru-
ments Corporation, Lincoln, Nebraskal. The canopy was stratified into the 
0-15 cm, 15-30 cm, 30-45 cm, and 45-60 cm layers from the top of the can-
opy down. Four individual measurements were made in each canopy layer in 
each of the four replicates. 
Leaf area distribution in soybean canopies was determined at regular 
intervals by using a portable leaf-area meter (LAMBDA Instruments Corpor-
ation, Lincoln, Nebraska}. The canopy was stratified into the same layers 
as those used for the radiation measurements, and leaf area was measured 
in each. canopy layer. Leaf-area-distribution data have been presented in 
an earlier paper (Sivakumar and Shaw, 1978). 
RESULTS AND DISCUSSION 
The attenuation patterns of PAR and NRAD were determined on three 
days during the growing season. The characteristics of the canopy at the 
time of the measurements are given in Table 1. Soybean canopies in the 
uncovered plots were taller and more dense than those in the covered 
4Hatfield, J. L., and R. E. Carlson. 1977. Spectral and photosyntheti-
cally active radiation distributions within soybean canopies (unpublished 
report) . 
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plots. The leaf-area index showed a large reduction by the time of the 
last measurements, August 24, inasmuch as water stress had caused leaf 






Characteristics of the canopies in the two treatments used for 
radiation attenuation studies. 
Covered Uncovered 
Height (cm) LAI Height (cm) I.AI 
51. 7 3.5 56.3 4.1 
73.2 4.0 95.9 6.4 
72.9 2.7 99.6 4.6 
From the PAR and NRAD measurements made at the different depths in 
the canopy and the cumulative leaf-area-index values, the model described 
in equation 1 was used to determine the extinction coefficients. A linear 
regression model was used, with -ln(I / I 0 ) as the dependent variable and 
cumulative leaf-area index as the independent variable. In all instances, 
the top canopy layer represented the zero point of the cumulative leaf-
area index. 
ATTENUATION OF PAR 
The plots of -ln(I / I 0 ) versus cumulative leaf-area index are shown in 
Figure 1. The PAR attenuation was accurately described by the Bouguer-
Lambert law. The regression model used accounted for more than 95% of the 
variation in all instances. Hatfield (1975} also observed that Bouguer-
Lambert law provided an adequate description of PAR penetration because 
the model satisfies the two assumptions involved in the law: first, a 
homogeneous medium and, second, no sources of radiation within the can-
opy. 
In a herbaceous community, the extinction coefficients are generally 
0.3 to 0.5 in stands with upright leaves and 0.7 to 1.0 in stands with 
more or less horizontal leaves (Saeki, 19601. The difference in extinc-
tion coefficients between the two treatments was related to the water 
status. On July 20, when the water supply was adequate for the uncovered 
plots, they exhibited canopy closure, with a large amount of the PAR in-
tercepted in the top canopy layer. The covered plots showed much smaller 
extinction coefficients. Even 20 days later, the uncovered plots still 
showed large extinction coefficients and canopy closure. But by August 
24, when the uncovered plots also were under severe moisture stress, as 
evidenced by leaf wilting and senescence, the extinction coefficients 
showed a large decrease, indicating that more PAR passed through the can-
opy without being intercepted by the leaves. In the covered plots, where 
the soybean plants were under severe moisture stress, the extinction co-
efficients were smaller, and more radiation penetrated through the canopy 
to the lower depths. Hatfield (19751 suggested th.at, under moisture 
stress, the canopy would change its leaf angle to reduce the amount of 
light energy intercepted, th.us decreasing the need for transpirational 
cooling. Noticeable wilting could h~ve caused the leaves to act as less 
efficient interceptors of the incident PAR. 
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CUMULATIVE LEAF AREA INDEX 
Figure 1. PAR attenuation patterns for the t wo treatments as a function 
of cumulative LAI. K represents the extinction coefficient. 
5 
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ATTENUATION OF NRAD 
Net radiation might be expected to show poorer relationships because 
it does not fit one of the basic assumptions of the Bouguer-Larnbert law: 
no radiation source within the canopy. However, extinction of net radia-
tion in the canopy also could be described by equation 1. To avoid con-
fusion with PAR, the dependent variable was designated as -ln(RN/RNo}, 
where RN is the net radiation at the point in question and RNo is the net 
radiation incident upon the canopy. A p lot of the -ln(RN/ RNo} as a func-
tion of the cumulative leaf-area index is shown in Figure 2. Here again, 
the top of the canopy represents the zero point of the cumulative leaf-
area index. The Bouguer-Larnbert law generally provided an excellent des-
cription of the attenuation of the tJRAD in the canopy, as reflected by 
the r2 values greater than 0 .95 in all instances. The magnitude of the 
extinction coefficient for net radiation is smaller than that for PAR, 
which might suggest less attenuation of net radiation in the canopy, but 
t he canopy is a source of infrared radiation. Uncovered plots again had 
higher extinction coefficients for net radiation than did covered plots. 
The amount of change in extinction coefficients f or net radiation is 
smaller than the amount of change for PAR. The effect of moisture stress 
in the covered plots shows up as smaller extinction coefficients for net 
radiation. 
RELATIONSHIP BETWEEN NRAD AND PAR 
It has been f ound b y several workers (Davies and Buttimer, 1969; 
Fritschen, 1967; Shaw, 1956) that net radiation is correlated strongly 
with solar radiation. In recent research work on photosynthesis -radiation 
relationships, more preference is given to measuring photosynthetically 
active radiation (PAR) than the total shortwave radiation. Because solar 
radiation and PAR are highly related, it would be expected that PAR and 
net radiation at the top of the canopy would also be highly rel ated. 
A linear model was fitted to the measurements of NRAD and PAR taken 
at the top of the canopy throughout the growing season. The regression 
equation describing the relationship between N.RAD and PAR is: 
NRAD -0. 06 + 0.0002 (PAR} 0.92 [2] 
Prediction of net radiation from the PAR measurements in the bottom 
layer of the canopy is difficult because leaf shading and leaf senescence 
have a great influence on both shortwave and longwave components of net 
radiation, and the canopy is a source for the longwave . component of net 
radiation. Variations in PAR could account for only abo~t 30, 8, and 18% 
of the variations in net radiation in the 15-30, 30-45, aµd 45-60 cm can-
opy layers, respectively. 
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LEAF-WATER-POTENTIAL PATTERNS 
WITHIN TWO SOYBEAN CULTIVARSl 
J. L. Hatfield2 and R. E. Carlson 3 
ABSTRACT. I.eaf-water potentials were measured within soybean (Glyune. 
max [L.] Merr.1 canopies of cultivars Hark and Rampage grown on a Hunts-
ville silt loam during the 1974 grc::M"ing season. Potentials were measured 
with the pressure bomb on the center leaflet from the trifoliolate leaf. 
These studies were designed to assess the diurnal changes in leaf-water 
potential within specified strata of both canopies on various days. I.eaf-
water potentials within both canopies reached minimum values at approxi-
mately 1400 CDT, following the daily pattern of air temperature. Presun-
rise measured values of leaf-water potential were generally -2 to -3 bars 
regardless of measured minimum values on the previous day. The exact pat-
tern from day to day was highly dependent on atmospheric demand and soil 
moisture. Within the canopy, we observed an initial time lag after sun-
rise before leaf-water potentials began to decrease. This effect was 
attributed to radiation interception differences between canopy strata. 
Although signi-ficant cultivar differences were observed on some days, 
consistent patterns were not detected between cultivars over all days · of 
this study. 
INTRODUCTION 
Moisture stress frequently reduces crop yield by affecting basic 
physiological plant processes, such as photosynthesis, cell enlargement 
and elongation, nutrient translocation and uptake, seed set, and flower 
abortion. Water status within the plant is a balance between the osmotic 
and pressure components. Any reduction in the pressure component will 
cause a reduction in the total leaf~ater potential. I.eaf wilting is a 
result of decreased leaf-water potential. 
I.eaf-water potentials represent the water balance within the leaf. 
These can be measured by use of the technique described by Schlolander et 
al. (1965). Boyer (19701 showed that the processes of photosynthesis, 
respiration, and transpiration were dependent on th.e water status of the 
leaf. He showed that photosynthesis and transpiration decreased rapidly 
once leaf-water potential decreased below a critical value. For soybeans, 
this value was approximately -14 bars. 
Brady et al. (1974) found that soybean leaf-water potentials were 
dependent on soil moisture availability and atmospheric demand. They 
noted that minimum values were attained in Barly afternoon with the exact 
value dependent on soil moisture supply. When soil moisture supplies were 
limited, minimum values were reached by midmorning. 
1Journal Pape.r No. J-9183 of the Iowa Agriculture and Home Economics Ex~ 
periment Station, Ames, Iowa 50011. Project 1852. 
2siometeorologist of the Department of Land, Air and Water Resources, 
University of California, Davis, California 95616. 
3Associate Professor of Agricultural Climatology, Agronomy Departrrent, 
Iowa State University, Ames, Iowa 50011. 
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Leaf-water potentials are not constant with canopy height. Teare and 
Kanemasu (1972} showed that leaf water potentials increased with depth 
into the canopy at midday, but decreased with canopy depth in late after-
noon. They attributed this pattern to the changing energy regimes of up-
per leaves of the canopy. Stevenson and Shaw (1971) proposed a possible 
preferential :rrovement 
more active in terms 
resistance behavior, 
of water to upper leaves, 
of photosynthetic production 
causing them to remain 
as evidenced by leaf-
Information regarding leaf-water-potential profiles within soybean 
canopies is limited. This study was undertaken to investigate the verti-
cal distributions of leaf-water potentials during diurnal cycles within 
two soybean cultivars at various times throughout the growing season. 
METHODS AND MATERIALS 
Soybeans (Gfyc<.n~ max [L.] Merr., cultivars Hark and Rampage) were 
planted at three different dates in 1974--May 24, June 7, and June 24. 
Hark and Rampage were chosen because of their different leaf and canopy 
morphology, Hark. having narrower leaflets and taller stature. The growth 
differences and PAR interception patterns are presented by Hatfield 
(1975). The plots were located at the Hinds Irrigation Farm near Ames, 
Iowa. Seeding was done in 76-cm rows with an initial plant population of 
30 plants per meter of row. No inoculum was applied to the seed before 
planting. Supplemental water was applied with sprinkler irrigation as 
needed to insure adequate soil-water supplies to the plant. Weed control 
was accomplished with an application of 1.12 kg a.i. per ha of Treflan 
applied preplant and incorporated by disking. Additional weed control was 
accomplished by hand weeding. 
Leaf-water potentials were measured with a pressure chamber appara-
tus commercially available from PMS Instrument Corporation, Corvallis, 
Oregon.4 The procedure used for determining leaf-water potential was to 
remove the center leaflet from the trifoliolate leaf and place the petio-
lule through the rubber gasket. When the pulvenule was positioned against 
the gasket, no leakage around the petiolule was observed when pressure 
was applied. The end of the petiolule was then recut with a razor blade 
to provide a cleancut surface for observation. Th.e leaflet was then 
placed into the chamber wi.th the cut petiolule protruding. The chamber 
was sealed with the locking nut and pressure was slowly applied to the 
leaflet. Pressure was applied until sap began exuding from the xylem 
tissue. The end point was defined when a small amount of plant sap began 
exuding from the tissue, as viewed with a five-power magnifying glass. To 
avoid any unnecessary water loss from the leaflet, this procedure was 
completed as quickly as possible. The unit was carried between sample 
locations, and the time for rreasurement was approximately 5 min. 
Leaf-water-potential measurements were made throughout the season on 
a number of different days. These measurements conunenced before sunrise, 
depending upon the presence of dew, and continued throughout the day un-
til shortly after sunset on roost days. On these days, leaf-water poten-
tials were measured on the first fully expanded trifoliolate at the top 
4Mention of a specific trade name or conure.rcial co."llpany is for reader in-
formation and does not imply endorsement or preferential treatment by 
Iowa State University or the University of California, Davis. 
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of the plant and on trifoliolates at specified nodes in the lower portion 
of the plant. When the measurements were made within strata of the cano-
pies, leaves were selected from specific nodes to insure valid compari-
sons between cultivars, planting dates, and strata of the canopies. 'Ihe 
strata were defined from the top of canopy downward as follows: stratum 
one from 0-15 cm, stratum two from 15-30 cm, stratum three from 30-45 cm, 
and stratum four being 45-60 cm. Because of the time constraints in sam-
pling with. the pressure chamber, only two replications of leaf-water po-
tential could be measured within each canopy stratum. 
RESULTS AND DISCUSSION 
Diurnal patterns of leaf-water potential in Hark soybeans are shown 
in Figure 1 for two different days, July 18 and July 30, 1974. These mea-
surements were collected from upper strata leaves of plants from seedings 
on May 24, which had LAI's of 4.3 and 5.2 for July 18 and 30, respective-
ly. On both days, the general trend was for minimum leaf-water potentials 
to occur near 1400 CDT. As is indicated in Figure 1, significant differ-
ences existed between days. 'Ihis was attributed to differing atmospheric 
demand because maximum air temperature and open-pan evaporation values 
for these days, July 18 and 30, were 37C and 9.0 mm, and 26C and 5.8 mm, 
respectively. Minimum leaf-water potentials between days differed by as 
much as 4.5 bars, but the trend throughout the day was very similar. This 
pattern was evident on all other diurnal curves we measured. As shown in 
Figure 1, the recovery of leaf-water potential was to -2 to -3 bars re-
gardless of the previous day's minimum. 
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Figure 1. Diurnal leaf-water potentials in the upper stratum of Hark soy-
bean canopies on July 18 and 30, 1974. 
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Vertica1 Leaf-Water-Potentia1 Distributions 
Concurrently with the measurements depicted in Figure 1 for July 18, 
leaf-water-potential data were collected from three additional strata 
within these canopies. These results were presented in Figure 2, where 
the data were pooled over cultivars. An analysis of variance was conduc-
ted and time, strata, and the time x strata interaction contributed sig-
nificant variations to the data (Table 11. Throughout the day on July 18 
all strata within these canopies followed the trend of atmospheric de-
mand, but the lower strata remained at higher leaf-water potentials. This 
is consistent with th.e findings of Boyer and Ghorashy (19711. The two 
lower strata, and especially the lowest, reveal an initial time lag when 
compared with the upper strata (Figure 21 . This lag feature in the upper 
versus the lower stratum was evident throughout this study since the time 
x strata term in the analysis of variance was significant on six days of 
this experiment. This occurs because upper leaves are subjected to a 
larger radiation load throughout the day, and this causes the trans pi ra-
tional losses to be greater earlier in the morning and to extend later 
into the afternoon period. This effect is also seen in stomatal diffu-
sion resistanc e measurements as s hown in Figure 3 for the same canopy on 
July 18. The lower two strata exhibited higher resistance values through-
out the day, whether mediated by leaf senescence, acclimation to low 
light levels, or some other causal factor. 
Table 1. Analysis of variance of leaf-water potential as a function of 









































































T x S* 
T x S* 
T x s**, PD 
T x PD x s* 
T x s*, PD x 
T x PD*, T x 




T x c**, T x s** 
T x PD**, T x s** 
* ** Significant at the 0.05 and 0.01 levels, respectively. 
aNumber of time periods sampled for a given day. 
bM denotes missing parameter for a particular day. 
ens - nonsignificant F-test. 
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Figure 2. Leaf-water-potential patterns on July 18, 1974, for four strata 
of the Hark and Rampage canopies. 
264 HATFIELD and CARLSON 
The vertical distribution of leaf-water potential was not always lin-
ear, and stratum two occasionally had lower leaf-water potentials than 
stratum one. This can be seen in Figure 2. In companion studies where 
the penetration of ph.otosynthetically active radiation (PAR) was measured 
it was found that 95% of the PAR was intercepted by the canopy at the 
bottom of the second stratum (Hatfield, 1975). The vertical foliage dis-
tributions and the almost complete interception of visible radiation at 
this level may produce a h .ot spot in terms of atmospheric demand, espec-
ially when the canopies are closed. This pattern, however, was not con-
sistently observed over all days of the study, and generally the upper-
most portions of the canopies attained the lowest leaf-water potentials. 
Because of this pattern of radiation interception, the rate of change 
of leaf-water potential with time was more rapid for the upper canopy 
leaves than the lower canopy leaves. The exact trend over the day may be 
different for the upper and lower leaves depending upon the atmospheric 
demand and the soil moisture supply. 
Diurnal leaf-water-potential patterns for closed canopies (LAI great-
er than 4.0) for the upper and lCMer trifoliolates were consistent with 
Figure 2. The only exception to significant strata differences occurred 
on July 31 in a planting-date experiment. This day was one with very low 
atmosph.eric demand, 25C maximum temperature and 3. 0 mm open-pan evapora-
tion. Throughout this day no part of the canopy attained leaf-water po-
tentials less than -8 bars. 
Cultivar Comparisons 
Cultivars that can withstand the rigors of extreme environmental 
conditions frequently occurring in the Midwest could significantly help 
farmers achieve greater yields or hedge against detrimental weather. 
Leaf-water potentials estimate the ability of plants to maintain an ade-
quate water balance while interacting within a complex soil and atmos-
pheric environment. 
Significant cul ti var differences with respect to leaf-water potential 
were difficult to detect in these studies. To illustrate, the diurnal 
trend of profile means of leaf-water potential on July 18 is given for 
both cultivars in Figure 4. On a subsequent day, July 19, the same pat-
tern was evident, as was the situation for most days of this study. On 
July 16, there was some indication that Hark was able to maintain higher 
leaf-water potentials in the upper portion of the canopy (Figure 5). 
Leaf-water potentials in the lower two strata (lower 30 cm of the canopy) 
were not different, and the upper two strata were significantly different 
favoring Hark to maintain a higher leaf-water potential than Rampage. 
This result, however, was not consistent over all days of the experiment. 
Because the significant differences between cultivars seem to occur 
in the upper portion of the canopy, only the upper stratum for July 16 
was examined. This comparison between cultivars is shown in Figure 6. 
With th.e exception of the 1500 to 1600 CDT sampling period, differences 
of approximately 2 bars existed. Stratum two, which would represent the 
15-30 cm layer of both canopies, also revealed this pattern, but to a 
lesser extent, and the lower two strata were not different between culti-
vars. This leaf-water-potential pattern should be studied in greater de-
tail because the upper portions of soybean canopies represent the active 
area in terms of PAR interception and subsequent C02 uptake. As shown by 
Boyer (19701, leaf-water potential influences the basic plant physiologi-
cal processes, which. ultimately determine the final yield. 
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Figure 3. Stomatal diffusive resistance patterns for the measurement 
period on July 18, 1974, for four strata of the Hark canopy. 
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Figure 4. Diurnal trend of profile means of l eaf-water potential on July 
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Figure 5. Vertical leaf-water-potential distributions within Hark and 
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Figure 6. Diurnal leaf-water~potential patterns for the upper stratum of 
Hark and Rampage canopies on July 16, 19 74. 
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The two cultivars also were different on July 31, which was a very 
low atmospheric demand day and the leaf-water potentials were g r eater 
than -8 bars. On a day s ucfL as this , rrois ture stress would not be limit-
ing any of the physiological processes. 
CONCLUSIONS 
Leaf-water potentials vary within the canopy, with t h e minimum values 
being observed in the upper stratum of the canopy. For a canopy such as 
soybeans, with large LAI and rapid interception of PAR, a marked gradient 
occurs from the upper leaves to the lower leaves. All strata within the 
canopy follow the same pattern throughout the day; the lower leaves do 
not reach as low a potential, and the leaf-water potential begins to in-
crease earlier in the afternoon as a result of low PAR levels. The same 
effect was noted for stomatal diffusion resistance. Regardless of the 
minimum value reached the previous day, all strata were at an equilibrium 
of -2 to -3 bars at sunrise. 
Cultivar differences were difficult to detect. They indicate that, 
under favorable water supplies, both cultivars behave i n a similar manner 
to the atmospheric demand. Under rrore limited water supplies, however, 
Hark was able to maintain higher leaf-water potentials than Rampage. This 
effect may be due to the interception of radiation by the canopy. 
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YIELD COMPARISONS AMONG SHORT-STATURE 
SEED PARENTS OF GRAIN SORGHLJMl 
R. E. Atkins 2 
ABSTRACT. Relative productivity of 4-dwarf A-lines and 4-dwarf male-
sterile single crosses of sorghum (S o1t9hum bi~olo!t(L\ Moench) as parents 
for hybrid seed production was evaluated in two environments in Iowa. 
Seed y ields of the single crosses exceeded those of the inbred parental 
lines by 13 and 30% in the two seasons. More seeds per head seemed 
largely responsible for the increased y ields. Among the single-cross hy -
brids , general combining ability effects most often were appreciably 
greater than those for specific combining ability for grain yield, seeds/ 
head, and 100-seed weight, indicating a preponderance of additive gene 
action. Specific effects were significant (Y <0.011 for y ield and seeds / 
head in one season, h .owever, suggesting that nonaddi ti ve gene effects 
also were important in the expression of these characters. Male-sterile 
single crosses seem a useful means for enhancing the production of hybrid 
seed on 4-dwarf females. 
INTRODUCTION 
Plant height in grain sorgh ums (.S o1tghum bi~olo!t ( L ~ Moench) is gov-
erned primarily b y dwarfing genes at four loci (Quinby and Karper, 1954). 
Most commercial hybrids involve parental lines that are homo zy gous reces-
sive (dwdw} at three of the four loci. These hybrids attain a plant 
height suitable for combine harvest in rrost sorghum production areas. In 
some localities, or with irrigation, J~dwarf x 3-dwarf hybrids may grow 
taller than is desirable for combine h arvest. 
Parental lines that are recessive at four h.eight loci have been de-
veloped. Shorter hybrids can be produced by using either a 4-dwarf male 
of 4-dwarf female parent in the seed production block. Seed producers 
have not used 4-dwarf female parents, h.owever, because their seed yields 
have been appreciably lower than t hose of 3-dwarf t ypes. The use of male-
sterile, 4-dwarf single crosses, rather than 4-dwarf lines, as the female 
parent for hybrid seed production has been explored as a means to improve 
seed yields (Rosenow, 1968; Ross, 19721. This paper presents results from 
a 2-year study at Ames, Iowa , comparing seed yields of 4-dwarf A-lines 
vs. male-sterile single crosses. 
MATERIALS AND METHODS 
The 4-dwarf, male-sterile lines, A406 Martin, A3121 Martin, A616 
Kafir, and A3127 Kafir, were grown together with their four B-line coun-
terparts and the 12 contrasting A X B male-sterile single crosses among 
1Journal Paper No. J-9178 of t he !"CJW'a Agriculture and Home Economics Ex-
periment Station, Ames, Iowa 50011. Project No . 1944. 
2Professor of Agronomy, Iowa State University, Ames, Iowa. 
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them in two environments. A mixture of early, medium, and late-maturing 
fertile hybrids was planted at intervals within the experiment to enhance 
the dispersal of an adequate supply of pollen for attaining seed-set on 
the male-sterile entries. 
The experimental design for each test was a randomized complete block 
with three replicates. Single-row plots, 6.1 m long and 1.02 m apart, 
were thinned to a within-row plant spacing of 8 cm, giving a final stand 
of about 129,000 plants per ha. The central 4.9 m of each plot were used 
for measuring grain yield, seeds per head, heads per plant, and 100-seed 
weight. Data also were recorded for plant height (top of main stalk head) 
and days to midbloom. The experiments were grown on Clarion-Webster soil 
that was uniformly cropped with soybeans Wlycin.e max L. (Merr.)) in the 
preceding year. Fertilizer was applied uniformly to the experimental site 
at rates (kg/hal of 112, 90, and 90 of N, P, and K, respectively, before 
the plots were seeded. 
RESULTS AND DISCUSSION 
Grain yields were moderately high in both environments, averaging 58 
q/ha in 1971 and 53 q/ha in 1972. Data for qrain yield in both years and 
for th.e y ield components in 19 72 were analyz~d in accordance with the De-
sign II procedure of Comstock and Robinson (19481. Mean squares from the 
analyses are presented in Table 1. Differenc:es among all entries, and 
among the parents, were significant (P <O . 05 or P<O. 01) in all instances. 
Variation among the male-sterile single-cross hybrids was significant 
only for grain y ield and seeds/head in the 1972 experiment. 
The among-hybrids mean square was partitioned further into variation 
ascribable to general combining ability (g.c.a.1 and specific combining 
ability Cs.c.a.1 and to reciproc al effects. Significance is indicated 
more often in Table 1 for the g.c.a. component th an for s.c.a. effects. 
Also, for most comparisons, the g.c.a. mean squares were appreciably 
larger than those for the s. c. a. source. Reciprocal effects were not 
significant in any instance. These results suggest that additive gene 
effects were relatively more important than other t ypes of gene action in 
the variation expressed among the hybrids. Significant s.c.a. effects 
were indicated, however, for grain yield and seeds/head in one season, 
indicating that nonadditive gene effects also contributed to the varia-
tion expressed for these characters. 
Comparisons of the performance of 4-dwarf male-sterile single crosses 
vs. 4-dwarf A-lines were a prime objective of the experiments. The stat-
ure and development of the two types were essentially alike . Plant height 
averaged 3 cm greater for the single crosses in each environment, head 
exsertion of the hybrids was slightly better (2 cml, and the single 
crosses reached midbloom stage one day sooner than did the A-lines. Table 
1 indicates significance (P<0.05 or P<0.01) for the hybrids vs. A-lines 
source in all comparisons for grain yield and the components of yield. 
Magnitudes of these differences are shown in Table 2. Yield advantages of 
13 and 30% were exhibited by the single-cross hybrids in 1971 and 1972, 
respectively. The percentage for the 1972 test likely was biased upward 
because of poor seed set on one moderately late-blooming A-line. 
Although extensive plantings were made within and around the experi-
ments to provide pollen for the male-sterile entries, seed set on the A-
lines and single crosses was somewhat less than complete. Greater numbers 
of seeds per head seemed the major contributor to the yield advantage of 






Table 1. Mean squares from combining ability analysis of variance for grain yield and () 
yield components . 0 :s: 
"' ~ 
1972 (I) 
Grain ;y:ield Seeds 100-seed Heads ~ (I) 
Sourc e of variation df 1971 1972 per head weight per plant 
~ 
Entries 19 0.54*>'< 1. 87>'<* 166 ,122>'<* 0.45** 0.04* ~ Ci1 
Among parents 0.54* 2.14** 344,974"'<* 0.88** 0.06* Ci1 
~ 
A-lines 3 0. 29 0 .9 2*>'< 94' 232*"'' 0.18>'<-1< 0.08* H z 
B-lines 3 0.42 0.06 16,276>'< 0 .1 0"''* 0.04 
(I) 
0 
A vs . B-lines 1 1.65** 12. 04>'<* 2,083,293** 5. 34>'<* 0.05 ~ 
c::: 
Among hybrids 11 0.29 1. 35>'<* so' 846"''* 0.03 0.02 :s: (I) 
g . c . a. 3 0.79* 2.94** 150,141** 0.05 0.02 
s.c.a. 2 0.13 2.62** 36,637** 0.01 0.02 
reciprocals 6 0.08 0.14 5,936 0.03 0.01 
Hybrids vs. A-lines 1 s. 06>'0 '< 16 .13>'<* 297 '934*>'< 0.09* o. 40>'<* 
Error 38 0.18 0.12 4,954 0.02 0.02 
c.v.' % 7.11 6.30 6.97 4.55 9.88 





produced as many seeds per head as did the male-fertile B-lines. Full 
seed-set on the B-lines was reflected in yields that were nearly like 
those of the single-cross hybrids, even though 100-seed weights of the B-
lines were markedly lower (Table 2l. 
Table 2. Means for grain yield and yield components for 4-dwarf sorghum 
hybrids and parental lines. 
1972 
Grain yield (q/hal Seeds 100-seed Heads 
Group 1971 1972 per head weight (g) per plant 
All parents 54.8 49.0 1078 2. 76 l. 38 
A-lines 52.4 42.2 783 3.24 l. 34 
B-lines 57.3 55.8 1373 2.29 l. 43 
Hybrids 59.5 55.0 965 3.14 1.46 
The 13% advantage in yield for the single crosses agrees closely with 
the results from a 3-year comparison by Ross (1972). He found mean yield 
advantages of 13 and 16% for two groups of 4-dwarf male-sterile single 
crosses over their A~line counterparts. Similarly, Rosenow (1968) re-
ported a mean advantage for seed yield of 19% for a group of male-sterile 
single crosses in a 1-year comparison with their 4-dwarf A-line counter-
parts. 
Collectively, results from the experiments reported herein and those 
cited indicate that male-sterile single crosses may have value as a means 
for producing hybrid seed on 4-dwarf females. Tile A-lines used in these 
studies are relatively similar agronomically and, to a considerable de-
gree, genotypically. Despite this, the heterosis manifested for grain 
yield in single cross.es among them was fairly high. 
Additionally, among the four A-lines evaluated in this experiment, 
A3127 Kafir usually produced more seed as a line and in hybrid combina-
tions than did the other A-lines. Ross (19721, likewise, found noteworthy 
differences among his 4-dwarf lines for seed production as lines pe~ ~e 
and in single-cross hybrids. The establishment of male-sterility in 4-
dwarf lines selected for greater diversity of parentage and agr?nomic 
traits should enhance the potential for yield heterosis in single-cross 
seed parents. Judicious mating of the highest-yielding 4-dwarf single 
crosses with fertility-restoring (Rl lines of good combining ability 
should provide three-way hybrids with short stature plus acceptable plant 
uniformity and grain yield. 
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COMPARISONS OF EMBRYO WEIGHT AND SEEDLING GROWTH 
IN GRAIN SORGHUM PARENTS AND HYBRIDSl 
I. L. Miller2 and R. E. Atkins 3 
ABSTRACT. Embryo weight and early seedling growth of three grain sorghum 
(So~ghwn 6icolo~(L.) Moench) hybrids and their parents were evaluated in 
field and greenhouse experiments. Th.e hybrids were selected from previous 
experiments to represent high, medium, and low leve.ls of heterosis for 
grain yield. 
In field experiments seedling dry weigh.ts at 10 and 20 days after 
planting showed an advantage for the high.-heterosis hybrid (Reliance x 
Texas 7078L over its midparent value. Seedlings in greenhouse flats also 
showed a heterotic advantage for dry weight of this hybrid at 10 and 20 
days from planting. Significant heterosis was detectable at 20 days past 
planting in both field and greenhouse studies for th.e medium-heterosis 
hybrid (Combine Kafir 60 x Caprockl. With 10-day seedlings, only the 
field experiment showed significant heterosis for the medium hybrid. 
Heterosis for ve.getative weight of the low-heterosis hybrid (Martin x 
Texas 041 was not expressed at either the 10- or 20~day seedling stage in 
either field or greenhouse plantings. The level of heterosis displayed 
for grain yield of the three hybrids seemed associated with the magnitude 
of heterosis shown for early vegetative growth, plus earliness of the de-
developmental stage when th.is advantage is manifested by the hybrid. 
Embryo dry weights of the high-heterosis hybrid exceeded those of the 
other hybrids for seed produced in two seasons. Greatest heterosis for 
embryo weight, however, was manifested by the medium-heterosis hybrid. 
Embryo weights for th.e hybrids were not correlated significantly with 
seed weights. 
INTRODUCTION 
Manifestations of heterosis by sorghum (So~ghum bicolo~(L.) Moench) 
hybrids have been identified and studied for many years. Most investiga-
tions have compared hybrids and parents for mature-plant characteristics. 
Hybrids usually show earlier maturity, increased plant height, longer 
stems and leaves, and increased productivity for grain and forage (Kirby 
and Atkins, 1968; Kambal and Webster, 1966; Niehaus and Pickett, 1966; 
Quinby, 19631. Number of seeds per head usually exhibits the greatest 
heterosis among the primary components of yield (Kirby and Atkins, 1968; 
Kambal and Webster, 19661. 
The performance of grain sorghum h ybrids in comparison with their 
parents during vegetative and fruiting development stages has not been 
studied so extensively. Several investigations (Gibson and Schertz, 1977; 
1Journal Paper No. J-9288 of the Iowa Agriculture and Home Economics Ex-
periment Station, Ames, Iowa 50011. Project No. 1944. Part of a thesis 
submitted by the senior author in partial fulfillment of the requirements 
for the M.S. degree. 
2Former Graduate Assistant, Iowa State University, Ames, Iowa. 
3Professor of Agronomy, Iowa State University , Ames, Iowa. 
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Patanothai and Atkins, 1971; Quinby, 1970; Arnon and Blum, 1962), how-
ever, have shown that heterotic effects are manifested very early in the 
growth cycle. High levels of heterosis for early vegetative growth often 
are associated with comparable hybrid vigor for grain yields of mature 
plants. Quinby (19701 proposed that the growing points of sorghum hybrids 
are larger than those of their parents during embryonic growth as well as 
during meristematic growth before floral initiation and that hybrids grow 
faster whenever growth is by cell division. 
In a growth analysis of the sorghum hybrid RS610, Gibson and Schertz 
(1977) sampled at intervals from 13 day s after planting until the plants 
were mature. At the first sampling, the hybrid had a larger leaf area 
index and greater dry weight than either parent, reflecting faster mor-
phological development. But at an thesis, the dry weights of all three 
genotypes were nearly alike. During the grain-filling period the hybrid 
again exceeded its parents in total dry weight, due to more grain produc-
tion. 
Patanothai and Atkins (1971) evaluated the growth and development of 
three sorghum hybrids that exhibited different levels of heterosis for 
grain yield. Two of the hybrids had significantly greater plant weight 
than their midparents at the first sampling, 30 d ay s after planting. The 
initial advantages in vegetative dry matter for the three hybrids were 
proportional to the levels of heterosis displayed for grain yield by the 
mature plants. During the grand period of growth, t h e absolute rate of 
vegetative weight accumulation of the hybrids was greater than that of 
their midparent, but their rela~ive growth rates were alike. 
The purpose of the investigations reported herein was to examine the 
early stages of development of the three hybrids studi.ed b y Patanothai 
and Atkins (1971) to determine whether heterosis was expressed during the 
first 10 to 20 days of seedling growth. A second ob jective was to see if 
heterotic effects were detectable in the dormant embryo of the hybrids. 
MATERIALS AND METHODS 
Designations and parentages of t h e hybrids evaluated are: 
Cross 1, Reliance x Texas 7078, High heterosis. 
Average grain yield was 141 % of its midparent value 
in 1963-64 tests (Kirby and Atkins, 196 8) and 143% 
in 1968-69 tests (Patanothai and Atkins, 19711. 
Cross 2, Combine Kafir 60 x Caprock, Medium heterosis. 
Average grain y ield was 125 % of its midparent in 
1963-64 tests and 127% i n 196 8-69 tests. 
Cross 3, Martin x Texas 04, Low heterosis. 
Average grain yields were 1 06 and 105 % of the mid-
parent in the 1963-64 an d 19 68- 69 tests, respec-
tively . 
The three pollinator lines and the fertile counterparts (B lines) of 
the Reliance, Combine Kafir 60, and Martin male-steriles used in produc-
ing the hybrid seed were used as parental entries in the experiments. 
The experiment was divided into three parts, consisting of a field 
study , several plantings in the greenh ouse, an d laboratory determinations 
of s eed and embryo weights. Entries for the fie ld study were planted on 
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May 27, 1976 at the Agronomy Farm, Ames, Iowa. The field was divided into 
two sections, one to compare levels of heterosis for grain yield with 
those obtained in previous studies (Patanothai and Atkins, 1971; Kirby 
and Atkins, 1968)_, the other a sampling area for determining total plant 
dry weights. The yield test was arranged in a randomized complete block 
design with three replicates. Single-row plots were 6.1 m long, spaced 
1.02 m apart, and plants were thinned to 8-cm spacing within the rows, 
giving a final stand of about 129,000 plants per ha. Grain yields and 
other agronomic notes were obtained from the central 4.9 m of each row. 
The plant sarrpling area was arranged in three replicates as a split-
plot design with entries (hybrids and parentsl as main plots and sampling 
time the subplots. The split-plot feature was a procedural detail to 
facilitate efficient use of the plants at several sampling dates. Data 
obtained from each sampling were analyzed separately by using the proce-
dures for analysis of a randomized corrplete block design. Plot size and 
spacings were like those described for the yield-test area. 
At each sarrpling date only corrpetitive plants were sampled, excluding 
plants at the ends of rows or beside gaps within a row. Samples were 
taken at successive 10-day periods from 10 through 70 days past planting, 
except the 40-day sample was not taken because plants were damaged se-
verely by a hailstorm at 33 days past planting. Plants were at the eight-
or nine-leaf stage, and much of th.e leaf area was frayed or removed by 
the hail. Although plants recovered surprisingly from th.e damage as addi-
tional leaves unfolded, plant weights beyond the 30-day sampling were 
considered atypical. Data obtained after 30 days are recorded in the 
thesis (Miller, 1978} , but they are not presented in this paper. Thirty 
plants/plot were harvested at 10 and 20 days, and 10 plants/plot were 
taken at 30 days after planting . Plants were cut just above the crown and 
dried at 60 C until plot weights stabilized (about 72 hours). 
The data obtained for each character were analyzed to determine 
whether there were differences between hybrids and their parents. F-tests 
(Snedecor and Cochran, 1967} of mean squares derived from orthogonal com-
parisons were used to test the significance of th.ese differences. T-tests 
(Snedecor and Cochran, 1967} were used to determine whether heterosis 
percentages among hybrids were significantly different. Crop and relative 
growth-rate values were calculated for all entries by using procedures 
described by Radford (1967) . 
The second phase of the experiment was conducted in the greenhouse 
from May, 1976 through February, 1977. Entries were grown in wooden flats 
for 10 and 20 days. Lengths of the growing per.iod were the main plots, 
and entries (hybrids and parents} the subplots of a split plot design. 
The plants for each main plot were grown on the same bench, with the nine 
entries randomized within each of three replicates. Seeds were coated 
with Arasan 75 fungicide; then 100 seeds of each entry were planted per 
plot (row) in an autoclaved 1:2:1 mixture of soil, sand, and peat by us-
ing the counter-planter designed by Carlson (1960). 
Approximately 0.09 kg of 6-10-4 fertilizer was added per greenhouse 
flat to the July 10, August 6, and September 14 plantings. The June 9, 
July 10, and August 6 plantings were made on benches erected outside the 
glasshouse sections, and the fertilizer plus warm temperatures resulted 
in very lush growth for all entries. The entries to be harvested at 10 
and 20 days after planting were sown on the same date; thus they grew 
under the same environmental conditions for the initial 10 days. Plants 
were severed with a razor blade at the soil surface, and after drying 60 
hours at 82 C, the sarrples were weighed, and the weights were adjusted 
for plants missing because of imperfect germination. Seeds produced in 
three different years (1972, 1975, and 1976) were used for the plantings 
so that a range of environments for seed production was represented. 
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The 10- and 20-day samplings from each of the six greenhouse plant-
ings were analyzed separately; then the data were subjected to a combined 
analysis. F-tests of the mean squares were used to compare the perfor-
mance of each hybrid versus its midparent, and t-tests were used to de-
termine whether percentage heterosis differed significantly among the 
hybrids. Relative growth rates for the period from 10 to 20 days after 
plantings were determined in accordance with the procedures of Radford 
(1967). 
In the third phase of the experiment, embryos were removed from 
hybrid seeds of the three crosses and from seeds of their parental lines. 
Th.ree replicates of 200 seeds were counted for each entry from bulked hy-
brid seed of crosses and selfed heads of the parents produced at Ames in 
1975 and 1976. Seeds were soaked for 4 hours in tap water; then the seed 
coat and, next, the embryo were removed with forceps. Embryos were air-
dried for several days; then the dry weights for all entries were ana-
lyzed by using the sa.rre statistical procedures described for the seedling 
dry weight studies in the greenhouse. 
RESULTS AND DISCUSSION 
Previous experiments with the same hybrids and parents (Patanothai 
and Atkins, 1971) showed that the high and medium heterosis hybrids had 
significantly greater plant dry weight than their rnidparents at 30 days 
after planting. Data presented in Table 1 also indicate a significant 
(P <0.01) advantage at 30 days for Crosses 1 and 2 over their rnidparents. 
Additionally, Cross 1 displayed this advantage at the 10- and 20-day 
samplings of the field study. Significantly greater (P <0.01) dry weight 
was shown by the medium heterosis hybrid at 10 days past planting, but 
not at the 20-day sampling. Cross 3, the low heterosis hybrid, did not 
show significantly greater dry weight when compared with its rnidparent at 
any sampling from 10 through 30 days. 
Heterosis percentages (Table 1) among the three hybrids for plant 
dry weight during the early developmental stages rated nearly the same as 
the ranking for grain-yield heterosis in previous studies (Patanothai and 
Atkins, 1971; Kirby and Atkins, 1968), although the differences did not 
exceed the 0.05 level of probability in all instances. In the 1976 field 
experiment, Cross 2 was the only hybrid that had significantly (P<0.05) 
greater grain yield than its rnidparent. And a t-test indicated that the 
heterosis percentages arnong hybrids for grain yield did not differ sig-
nificantly. Grain yields, and all plant measurements beyond 30 days in 
the 1976 field study, however, were affected adversely by the hail dam-
age. Grain yields, from the earlier experiments cited, more nearly rep-
resent the relative potential of the three hybrids. 
The crop growth-rate (CGR) values and relative growth rates (RGR) 
determined for the field study at 20 and 30 days past planting were simi-
lar for the hybrids and their rnidparents, and none was significantly dif-
ferent beyond th.e 0 .OS level of probability. CGR and RGR values for the 
SO-, 60- and 70-day samplings, likewise, did not show significance for 
the hybrids in comparison with their rnidparents. 
For all but one of the samplings made at 10 days in the greenhouse 
experiments (Table 2) , Cross 1 showed the greatest heterosis for vegeta-
tive dry weight. Advantages for this hybrid ranged from 11 to 39% above 
the rnidparent, and five of the six values fell between 27 and 39%. 
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Table 1. Means for plant dry weight in grams and percentage heterosis in 

































































**significantly different from its midparent value at the 0.01 level of 
probability. 
lFl - MP/MP x 100. 
2Heterosis values within a sampling period that have different super-
scripts are significantly different at the 0.05 level of probability. 
Heterosis exhibited by Cross 2 at 10 days exceeded that of Cross 1 
only in the 7/10 planting, with a percentage of 40 for Cross 2 (Table 2). 
The other values for Cross 2 ranged from -5 to 19%, suggesting that the 
40% value may be atypical. The 7/10 planting was the only one that shCMed 
a significant (P<O~Ol) difference between Hybrid 2 and its midparent 
value. 
The heterosis percentage of 13 for Hybrid 3 at the 10/17 sampling 
was the only 10-day sampling of this hybrid that differed significantly 
(P<0.051 from its midparent. By excluding the two extreme values for 
Cross 3, heterosis ranged only from -4 to 3%. 
Cross 1 exhibited a wide range of heterosis at the 20-day seedling 
stage (Table 3). Hybrid dry weights exceeded those of the midparent by 
15 to 54% in the six plantings. In all but the 11/24 planting, Cross 1 
exceeded Cross 2 in percentage heterosis. Hybrid 1 usually had greater 
absolute dry weights th.an did Hybrids 2 and 3, and the midparent values 
of Cross 1 tended to be smaller. 
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Table 2. Means for vegetative dry weight (g/ 100 seedlings) at 10 days 
after planting and percentage heterosis for greenhouse study, 
1976-77. 
Plantin9: date 
6/9 7/ 10 8/ 6 10 / 17 11/24 2 / 16 
Cross 1 
Reliance 0.98 2.71 1. 33 .569 .307 .479 
TX 7078 1.14 2.88 1. 35 .507 . 326 .584 
Midparent 1.06 2.79 1.34 .538 .317 . 532 
Fl 1.18 3.67** 1. 85 ** . 684** .436** .682** 
Heterosis (%)1 11 a2 3la 39a 27a 38a 28a 
Cross 2 
Kafir 60 1.29 2 . 89 1.28 . 555 .265 .434 
Cap rock 1.04 2.09 1.27 .55 8 .244 .662 
Midparent 1.17 2. 49 ** 1. 27 . 557 .255 . 548 
Fl 1.11 3.48 1.51 .583 . 304 .653 
Heterosis ( %) -5a 4oa 18a 5a 19ab 19a 
Cross 3 
Martin 1.20 3.11 1.68 .745 .392 .596 
Tx 04 1.19 3.05 1.32 .519 .280 .649 
Mid parent 1.19 3.08 1.50 .632 .336 .623 
Fl 1. 20 3.15 1. 55 . 717* .323 .523 
Heterosis (%) oa 2b 3a 13a -4b -16b 
* ** and indicate significance at 5% and 1% level of probability, respec-
tively. 
1F1 - MP/ MP x 100. 
2Heterosis values within a planting date that have diffe rent superscripts 
are different at the 0.05 level of probability. 
Heterosis percentages at 20 days for Cross 2 were greater than those 
of Cross 3 in all but the 6 / 9 planting, for which the values were nega-
tive for both hybrids. In the plantings in which Hybrid 2 was signifi-
cantly different from its midparent dry weight, heterosis ranged from 15 
to 38% (Table 3). 
The low-heterosis hybrid (Cross 3) exhibited heterosis percentages 
ranging from -24 to 10. Its dry weight at 20 days was significantly 
(P <0.05) greater than its midparent value in only one planting. Vegeta-
tive dry weights for Hybrid 3 were significantly less than the midparent 
value in two plantings . 
Relative growth rate values determined for the period 10 to 20 days 
after planting were quite variable among the different greenhouse plant-
ings. Rybrid 2 displayed the largest value among the hybrids in four of 
the six p lantings. None of the hybrids was significantly different from 
its midparent value beyond the 0.05 level of probability. 
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Table 3. Means for vegetative dry weight (g/ 100 seedlings) at 20 days 
after planting and percentage heterosis for greenhouse study, 
1976-77. 
Plan tin9 date 
6 / 9 7/ 10 8/ 6 10/ 17 11/ 24 2/16 
Cross 1 
Reliance 7.58 18.02 15.50 1.60 1.16 1. 59 
Tx 7078 8.66 20.43 19.13 1.65 1.32 2.38 
Midparent 8.12 19.22 17. 31 1.62 1.24 1.99 
F1 29.53** 26.70** 1.95** 1.55* 2.41 
* 9.32 
Heterosis (%}1 15a2 54a 54a 2oa 25a 2la 
Cross 2 
Kafir 60 11.10 25.16 21.31 1. 89 1.05 1. 73 
Caprock 7.43 17.22 16.97 1.62 1.05 2.53 
Midparent 9.26 21.19 19.14 
* 
1. 76 1.05 2.13 
28.87* ** 1.45** Fl 7.29 25.89 2.02 2.19 
Heterosis (%1 -21b 36b 35ab 15a 38a 3ab 
Cross 3 
Martin 8.45 1 7.90 16 .63 2.03 1.47 2.24 
TX 04 8.61 28.26 16.37 1. 77 1.28 2.79 
Midparent 8.53 23.08 16.50 1.90 1.38 2.51 
F1 8.03 23.13 18 . 12 2 .o9* 1.09 * 1. 92 ** 
Heterosis (%f -6ab oa 10b lOa -21b -24b 
*and **indicate significance at 5% and 1% level of probability, respec-
tively. 
lpl - MP / MP x 100. 
2Heterosis values within a planting date that have different superscripts 
are different at the 0.05 level of p robability. 
Means and percentage heterosis for embryo and seed dry weights ob-
tained from two seed sources are shown in Table 4. Embryo dry weights of 
Hybrid 1 exceeded those of the other hybrids for the seed produced in 
both. years. The midparent embryo weights for Cross 1 also exceeded those 
of the other crosses. Heterosis percentages for Cross 1, however, were 
intermediate to those for Crosses 2 and 3 . 
Cross 2 showed the greatest heterosis for embryo weight, 34 and 45 % 
in the two years' seed. Midparent dry weights for the embryos in Cross 2 
were less than those in either Cross 1 or Cross 3. The least heterosis 
for embryo weight was sh.own by Cross 3, with significance bey ond the 0 . 05 
probability level indicated only for the 1975 seed. 
Greatest h.et~rosis for 200-seed weight also was shown by Cross 2 
(Table 4). Hybrids 1 and 3 were not significantly different from their 
midparent values for seed weight in either year's seed. Correlations of 
seed weights with embryo weights are presented in Table 5. When data ob-
tained from parental lines or from all entries (hybrids and parents) were 
used, the coefficients were significant (P<O .Oll for both th.e 19 7 5 and 
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1976 seed, and they were relatively large, r = 0.76 to 0.92. Weights of 
the hybrid seeds, however, showed poor correlation with embryo weights in 
both years. Neither coefficient was significant beyond the 0.05 level of 
probability. 
Table 4. Mean dry weights in grams and percentage heterosis for 200-
embryo and 200-seed samples in laboratory study. 
Embryo Seed 
1975 1976 1975 1976 
Cross 1 
Reliance .640 .589 5.74 5.37 
Tx 7078 .630 .517 6.16 4.97 
Midparent .635 .553 5.95 5.17 
Fl .754** .690 ** 6.42 5.25 
Heterosis (%)1 19a2 25a 8a 2a 
Cross 2 
Kafir 60 .562 .488 6.10 5.00 
Ca pro ck .389 .442 4.68 4.68 
Midparent .476 .465 5. 39 4.84 
.637** .673** ** 5. 81 ** Fl 6. 78 
Heterosis (%} 34a 45a 26b 2oa 
Cross 3 
Martin .637 .566 6.66 5.24 
Tx 04 .607 .448 6. 79 4. 82 
Midparent .622 .507 6. 72 5.03 
F1 .671 * .495 7.15 5.50 
Heterosis (%) nh -2b 6a lOa 
* and ** indicate significance at 5% and 1% level of probability, respec-
tively. 
1 F1 - MP/MP x 100. 
2Heterosis values within a column that have different superscripts are 
different at the 0.05 level of probability. 
Table 5. Correlation coefficients of seed weights with embryo weights for 
1975 and 1976 seeds in laboratory study. 
Group 1975 1976 
** .71** All entries .76 
Parents . 81 ** .92** 
Hybrids .01 .34 
**indicates significance at the 0.01 level of probability. 
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Data from the field experiment obtained at 30 days past planting, or 
earlier, were not affected by the hailstorm. They substantiate and extend 
further the findings of previous investigations (Patanothai and Atkins, 
1971) with the same hybrids and parental lines. Hybrids 1 and 2, the 
high- and medium-heterosis hybrids, again exhibited a heterotic advantage 
in vegetative dry weight over their midparents at 30 days past planting. 
Samples taken at 10 and 20 days after planting, likewise, showed an ad-
vantage for th.e high-heterosis hybrid over its parents. Similarly, Gibson 
and Schertz (19771 found an advantage for the sorghum hybrid RS610 over 
its midparent at 13 days after planting. In our field experiment the 
medium-heterosis hybrid exhibited an advantage over its midparent at 10 
days, but not at 20 days beyond planting. 
Multiple plantings for the evaluation of seedlings in greenhouse 
flats generally supported the results from the field study. Hybrid 1 
again showed a heterotic advantage for seedling dry weight at 10 and 20 
days after planting. Hybrid 2 displayed an advantage at 20 days, but not 
at 10 days after planting, in the greenhouse studies. The greenhouse re-
sults may be more reliable because of more extensive replication and 
sampling of the genotypes involved. Heterosis for vegetative weight of 
th.e low-heterosis hybrid (Martin x Texas 04) was not expressed at either 
the 10- or 20-day seedling stage in either field or greenhouse plantings. 
From the findings of our experiments, together with those of previous 
experiments involving the same genotypes, it seems that the level of 
heterosis displayed for grain yield at maturity is associated closely 
with the magnitude of heterosis shOW'n for early vegetative growth, plus 
earliness of the developmental stage when this advantage is manifested by 
the hybrid. 
Embryo weights were greatest for the high-heterosis hybrid for both 
the 1975 and 1976 seed. These results seem to support Ashby's (1930) 
conclusion that the heterosis of hybrids results from a large embryo. 'Ihe 
medium-heterosis hybrid for grain yield, however, displayed the greatest 
heterosis for embryo size in both years' seed lots. This may indicate 
that factors in addition to embryo size peA .oe.. are involved in the ex-
pression of heterosis. 
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ACCEPTANCE OF SOCIAL ACCOUNTING: 
A GUTTMAN SCALE ANALYSIS 
Frederic M. Stiner, Jr.l 
ABSTRACT. A basic question in social accounting is the willingness of 
p ublic accountants to prepare social information reports. Rather than 
being for or against social reporting , CPA 's may accept such reports for 
internal or external uses as intermediate stages before undertaking inde-
pendent examinations. 
A random survey was conducted among AICPA members. With the collect-
ed data, a Guttman scale was constructed wi t h regard to willingness to 
prepare social performance reports in three circumstances: internal re-
ports, external reports, and independent examinations. A model of accoun-
tants' behavior was confirmed , s h owing a p r ogr e ssive accep tance of social 
accounting. The willingness to be a s sociated with internal reports, ex-
ternal reports, and independent examinations is cumulative. Internal 
social reports found higher acceptance than external reports; in turn, 
external reports were more acceptable than independent examinations. 
INTRODUCTION 
In recent years, there has been a growing interest in the impact of 
business on society. Many members of t he p ublic perceive corporations to 
us e items, such as air and wate r , that are owned by society as a whole 
without overt payment for these goods. Society has demanded increased 
corpora-ce responsibility. The responsibilities of business in such areas 
as civil r ights , pollution, environmental conservation, 
health and safety have received intense public scrutiny 
corporate accountability. 
and occupational 
and demands for 
The traditional role of accountants has been to assemb le and report 
financial data. One class o f accountants, t he certified public accoun-
tants (CPA's), has the legal right and responsibility to attest to the 
fair presentation of t he financial statements of corporations. Though 
accountants are willing to p resent financial statements, the b asic ques-
ti on is the willingness of accountants t o present social information. 
Certain aspects of this question, such as the demographics of CPA's, and 
the role that they see for themse l ves and social accounting, have been 
discussed elsewhere (Stiner, 1976 ; Stiner , 1978). 
Social data reporting has already found wide acceptance among cor-
porate leaders. A recent survey of 644 company presidents found that the 
majority wanted to "do more than the law demands" socially , and that they 
felt social programs were an integral p art of operations (Paluszek, 1976) . 
Another survey, o f 282 companies, showed that 76% were concerned with 
social responsibility, and 44% believed that such items will be enacted 
into law (Corson and Ste iner ,1974). A s tudy among the 1,250 Fortune com-
panies found that the majority of the respondents were active in urban, 
1Assistant Professor, Department of Industrial Administrati on .- I owa State 
University, Ames, Iowa 50011. 
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environmental, and consumer affairs (Shetty and Buehler,1976). Moreover, 
a study of the Fortune 500 found that the 80 respondents were both more 
active socially, and more profitable than the nonrespondents (Parket and 
Eilbirt, 1975J. 
Barnett and Caldwell (1974) conducted a survey among members of the 
National Association of Accountants, and reported that the views of man-
agement accountants responded positively to most social items, except for 
willingness to assume responsibil.i ty for social reporting. Management 
accountants were also reluctant to consider independent audits of social 
performance. 
Within that study Barnett and Caldwell had three statements for 
agreement or disagreement: 
1. An ultimate goal of a corporate social performance system should 
be to provide a consistent and reasonably uniform basis on which 
to measure social performance and report to internal users. 
2. An ultimate goal should be t o report to external users. 
3. An ultimate goal should be independent audits of corporate re-
ports on social performance. 
These statements suggest the follc:wing model of acceptance of social 
accounting: 
Accep tance Level 
Internal Reporting > External Reporting > Attestation 
The underlying hypothesis of such a model imp lies that acceptance of 
social reporting progresses from internal reporting to external reporting 
to independent examination by the practicing CPA. Therefore, such a pro-
gression would indicate th.at more accountants would accept a social ac-
counting staterrent for internal use only th.an would accept such a state-
ment for external use. In turn, more would accept a statement for exter-
nal use th.an would ap_orove of an independent examination. Internal and 
external social performance reports without attestation might indicate 
intermediate steps in the progression toward attestation to social state-
ment. If there are such progressive steps, they might be analyzed through 
attitude scaling. 
ATTITUDE SCALING 
Attitudes can be collected in a range of one to five, the so-called 
Likert scale (Likert, 19321 where possible responses are: strongly 
approve, approve, undecided, disapprove, and strongly disapprove. Though 
Likert's method was useful in determining range of opinion, resulting 
data were qualitative. The internal consistency of the data could be 
analy zed, but no progression of beliefs was measured. 
Later, Guttman (1944, p. 139) demonstrated a method that gives "an 
adequate basis for q uantifying qualitative data." As developed today Gut-
tman scales are used to measure distance from social position (Bogardus, 
1958). With accountants such a scaling could indicate their relative ac-
ceptance of social information reporting. 
A valid Guttman scale would suggest that the willingness of a CPA to 
participate in preparation of a social report is cumulative through the 
stages of internal reporting, external reporting, and independent state-
ments. According to Guttman (1944, p. 148) : " ... if a sample of attri-
butes is selected without knowledge of their empirical interrelationships 
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and is found to form a scale for any sizeable random sample of individ-
uals, then the universe from which the attributes are selected is scal-
able for the entire population of individuals." 
DATA COLLECTION AND ANALYSIS 
One thousand names were selected at random from the American Insti-
tute of Certified Public Accountants' L..0.:,.t 06 Memb_eJL6 (1974). The usable 
response rate was 40.5%, plus an additional 12.2% returned as undeliver-
able, deceased, etc. Data were processed by use of the Guttman scale 
analysis subprogram of the Statistical Package for the Social Sciences 
(SPSS), which has a large file modification capability such that missing 
data can be deleted where the respondents omitted answers (Nie et al., 
1975). Questions asked included demographics, as well as agreement or 
disagreement with the three questions on social reporting. 
A Guttman scale was constructed at a "cutting point" along the agree-
disagree line. Those in agreement were placed on one side, while those 
in disagreement or neutral were placed on the other side. The cutting 
point represents a threshold level of acceptance for each question. Those 
in agreement are scored as "O" and those in disagreement are "l". In this 
manner the computer can sort the cases of either/or for each question. A 
person accepting all types of reporting would score "O" in each category. 
If all respondents fit, each preceding question would be passed as a pre-
requisite for passing a succeeding question. As Guttman observed (p. 
147): "Hence, we are assured that if a person ranks higher than another 
person in a sample of items, h .e will rank higher in the universe of 
items. This is an important property of scales, th.at from a sample of 
attributes, we can draw inferences about the uni verse of attributes." 
[Emphasis in the original.] 
The resulting output is often difficult to interpret. As an aid to 
























("0" for strongly agree or agree; 
"l" for neutral , disagree or 
strongly disagree) 
(Totals in each category) 
(Percentage of each as "O") 
( "O" in the errors is number that 
failed but should have passed; 
"36" is number that passed and 
should have failed) 
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"Pass" and "fail" refer to those who are incorrectly classified. 
GUTTSCAL represents the acronym for the index being constructed. This is 
shown to the left of the table. This index adds the response to the three 
variables, and whether "O" or "l", so that a respondent disagreeing to 
all items would score "3", and one agreeing to all would be "O". If the 
"strongly agree" to "strongly disagree" are given a range from 1 to 5, a 
cumulative scale of all three responses for any one case could take on 
values ranging from 3 to 15. A score of 3 would be for t hose strongly in 
agreement with reports for internal use, external use, and attested 
statements. At the opposite extreme, a score of 15 would indicate strong 
opposition to any social performance statement. Knowledge of an individ-
ual's score alone would suggest how the individual felt about social per-
formance reporting. 
FINDINGS AND DISCUSSION 
Responses to the questions on the three possible way s of reporting 
are shown in Table 1. As responses progress from internal reports to ex-
ternal reports to independent examination, acceptance declines . 
Table 1. Agreement wi th types of social reporting by CPA's 
Internal External Independent 
Use (%) Use (%) Examination (%) 
Strongly agree 7.3 4.8 1. 8 
Agree 39 .2 25.0 7.6 
Neutral 24.9 23.5 11.6 
Disagree 18.1 26.3 37.0 
Strongly disagree 10 .6 20.5 42.0 
Analysis of these data in a Guttman scale framework is shown in Table 
2. Examination of the data shows that the coefficient of reproducibility 
exceeds 0.9 for respondents, whereas the coefficient of scalability ex-
ceeds 0.6. Since both criteria are considered minimum levels to show a 
valid scale (Nie, 1975; Chilton, 1969), the data confirm a progression of 
attitudes; that is, first to be receptive to preparation of a social per-
formance report for internal use, then to prepare these reports for ex-
ternal use, and finally, to p rep are attested statements. 
From such data, if one found a CPA willing to prepare an attested 
statement of social performance, it is possible to predic t that the CPA 
would probably show no reluctance at preparing a social report for inter-
nal use. On the other hand, should one find a CPA unwilling to prepare 
a social performance report for internal use, it would then be surprising 
if the CPA would be willing to attest to such a statement. 
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Table 2. Guttman Scale Analysis of reporting internally, externally, and 
independently for national CPA's. Those in agreement are coded 
"O"; those neutral or opposed are coded "l" 
Independent 
Question: Internal External Examination 
Response: 0 1 0 1 0 1 Total 
G 3 0 173 0 173 0 173 173 
u 
T 2 95 34 32 97 2 127 129 
T 
s 1 55 2 54 3 5 52 57 
c 
A 0 30 0 30 0 30 0 30 
L 
Sums 180 209 116 273 37 352 389 
Percents 46 54 30 70 10 90 
Errors 0 36 32 3 7 0 78 
Statistics: 
Coefficient of Reproducibility 0. 9 332 
Coefficient of Scalability 0.7658 
This score for each individual can be tested against demographic 
variables, reported elsewhere (Stiner, 1978, pp. 8-9). By use of the 
CROSSTABS option of the SPSS program (Nie, 1975, p. 218), the cumulative 
GUTTSCAL was compared by a chi-square test to derrographic data of these 
respondents. The GUTTSCAL is related to education such that with increas-
ing education one is more receptive to reporting social data (sig. = 
0.0009). The GUTTSCAL is also significantly associated with current full-
time positions of the respondents (sig. = 0.0065). Partners have the 
greatest willingness acceptance of social reports. Those CPA's least 
willing to do the reports are seniors in the firm and government employ-
ees. When tested against income of respondents as a per~ntage of family 
income, GUTTSCAL was also significant (= 0.03791. Tho§e willing to do 
social reports earn a smaller percentage of total family income. Since 
approximately two-thirds of the respondents were under 40 years old and 
living in population centers of over 500,000, it seems . likely that many 
would have working spouses, an interest in ecology, and urban outlooks. 
A Guttman scale was also constructed in which the neutrals were 
placed with those in agreement rather than with those in disagreement. 
Again, a valid scale was constructed, which gave further evidence of a 
cumulative attitude scale. Characteristics of the resulting Guttman scale 
are shown in Table 3. 
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Table 3. Guttman Scale Analysis of reporting internally, externally, and 
independently for CPA's. Those in agreement or who are neutral 
are coded "O"; those opposed are coded "l" 
Independent 
Question: Internal External Examination 
Res12onse: 0 1 0 1 0 1 Total 
G 3 0 81 0 81 0 81 81 
u 
T 2 93 25 24 94 1 117 118 
T 
s 1 115 4 112 7 11 108 119 
c 
A 0 71 0 71 0 71 0 71 
L 
Sums 279 110 207 182 83 306 389 
Percents 72 28 53 47 21 79 
Errors 0 29 24 7 12 0 72 
Statistics: 
Coefficient of reproducibility 0.9383 
Coefficient of scalability 0 . 8080 
In conclusion, attitudes of CPA's towards reports of social account-
ing information support the model of Barnett and Caldwell (1974) . Their 
findings are rearranged and summarized in Table 4. When these data are 
compared to my findings for CPA's (Table 11, management accountants 
clearly have a high.er accep tance of social accounting, whether for inter-
nal or external use, or by independent examination. Social reports for 
internal use are most acceptable with both groups. 
Table 4. Agreement with types of social reporting by man agement accoun-
tan ts (rearranged from Barnett and Caldwell, 1974 I P• 25) 
Internal External In de pendent 
Use ( %) Use (%) Examination ( %) 
Strongly agree 21.6 14.9 6.0 
Agree 73.3 60.9 35.8 
Neutral 4.6 14 . 9 22.5 
Disagree 0.5 7.9 26 .l 
Strongly disagree 0.0 1.4 9.6 
When compared with management accountants, CPA's are more cautious 
in the extent of social reporting considered acceptable. With the data 
collected, a Guttman scale was constructed with regard to CPA acceptance 
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of social performance reports in three circumstances: internal reports, 
external reports, and independent attestation. The Guttman scales con-
structed show that the acceptance of internal reports, external reports, 
and independent audits is cumulative. Unfortunately, Barnett and Cald-
well's work is not in such form that a Guttman scale analysis can be con-
ducted of management accountants' responses. 
These findings suggest that internal accountants are more aware of 
the need for social reporting than are public accountants. Further re-
search might elaborate why this is so. One possibility is that the man-
agement accountants have a daily relationship with their corporation, 
whereas public accountants are engaged by a client only for an annual 
audit. Management accountants, with daily involvement in their industry, 
face continuous pressures from society for corporate responsibility. On 
the other hand, since public accountants are in a service occupation and 
do not generate such problems as air and water pollution, their contact 
with social pressures is less immediate. 
Further research might follow two possible directions: one, to dis-
cover the intensity of the desire for social reporting by the different 
categories of accountants; second, experimentation with different formats 
of social reporting that would be acceptable to both internal accountants 
and the public accountants. The goal would eventually use the CPA' s ' ex-
perience with attesting to financial reports to lend credibility to 
social information. The current findings suggest that such research 
should concentrate on internal reports where there is the greatest accep-
tance of social reporting by both management and public accountants. 
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INVESTIGATION OF GENOTYPE x ENVIRONMENT 
INTERACTION FOR COLD TOLERANCE OF MAIZE 1 
J. J. Mock 2 
ABSTRACT. Previous reports in the literature dealing with maize (Zea 
may~ L.) have demonstrated that cold tolerance is genetically controlled. 
These reports , however, have not discussed the influence of genotype x 
environment interaction on qenetics of cold tolerance. Consequently, 
evaluations were conducted of cold-tolerance responses [characterized by 
percentage emergence, emergence index (an estimate of emergence rate), 
and seedling dry weight] of 34 maize inbreds at Ames and Algona, Iowa, in 
1974 and 1976. Data from these experiments were used to investigate rela-
tive importance of various components of the inbred x environment inter-
acti on (i.e., inbreds x years, inbreds x locations, and inbreds x years x 
locations) . At least two of these three components were significant for 
each trait. Mean squares usually were
2
largest for inbreds x years, and 
variance-component estimates showed crIY was 30.9, 56.6, and 33.3% as 
large as rrf for percentage emergence, emergence index, and seedling dry 
weight, respectively. Therefore, most precise evaluations of cold toler-
ance of similar maize genotypes would be obtained by testing for more 
than one year. Selection via two selection indexes (i.e., modified selec-
tion index and rank-summation indexi ranked identical inbreds among the 
top six only when based on data collected across years. When selection 
was based on data from one year and one location, both indexes failed to 
rank B73, the best cold-tolerant inbred identified by combined data, in 
the top six. The rank-summation index (calculated with data from one year 
and one locationl, however, selected five of the six inbreds it selected 
when it was calculated with data combined across years and locations. 
Evidently , selection for improved cold tolerance in maize should involve 
data collected for more than one. year's evaluation. 
INTRODUCTION 
Cold tolerance in maize (Zea may~ L.) as def'ined by percentage emer-
gence, emergence index Ci .e., emergence rate), and seedling dry weight is 
genetically controlled and heritable (Mock and Eberhart, 1972; Mock and 
Skrdla, 1978; Mock and McNeill, 19781. Furthermore, Mock and Bakri (1976) 
demonstrated that maize breeding populations could be improved for these 
three traits by recurrent selection. Only the paper by Mock and McNeill, 
however, presented variances and heritabilities for the cold-tolerance 
traits th.at were not biased by genotype x environment Cg x el interaction 
and that report showed that g x e was highly significant for all three. 
Consequently, selection for cold tolerance probably would be most effec-
tive if it were based on data collected from more than one environment. 
1
Journal Paper No . J'<'9234 of th.e I"owa Agriculture and Home Economics Ex-
periment Station , Ame s, IA 50011. Project 2152. 
2Director of Corn Research, Northrup- King, Northfield, Minnesota 55057, 
formerly Professor of Plant Breeding, Department of Agronomy, Iowa State 
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A breeder could use several combinations of locations, years, or both as 
different environments in a selection program; i.e., several locations in 
one year, several years at one location, or several locations and years. 
The most efficient alternative in terms of selection advance per unit 
time would be that employ ing locations in one year. However, no data in 
the literature indicate which component of g x e (i.e., genotypes x years, 
genotypes x locations, or genotypes x years x locations) is most impor-
tant. This information should be known so meaningful selection programs 
for cold tolerance can be developed. 
The study reported herein was conducted to investigate importance of 
the various components of g x e for cold tolerance in maize. 
MATERIALS AND METHODS 
Thirty-four maize inbreds adapted to various locations in the United 
States and to Ontario, Canada, were grown in field experiments in random-
ized-complete-block designs with three replications at Ames and at 
Algona, Iowa, in each of 1974 and 1976. I used one-row plots 5.1 m long, 
spaced 101 cm apart at Ames and 6.2 m long, spaced 75 cm apart at Algona. 
Planting dates were 8 April at Ames and 10 April at Algona in 1974; 2 
April and 6 April at Ames and Algona, respectively, in 1976. 
Because seed of the inbreds was collected from originating experiment 
stations, seedling emergence and growth could have been biased by differ-
ent climatic conditions at each location during time of seed increase, 
age of seed, and harvesting and processing conditions. Therefore, I in-
creased seed supplies of all inbreds by hand pollination in the 1973 
breeding nursery at Ames to eliminate these differential effects . Seed 
harvested from this increase was used in my experiments. 
At both locations each year, number of seedlings emerged from the 
soil was recorded every other day (beginning 12 days and ending 30 days 
after planting), and emergence index was calculated from these data by 
the following formula (Smith and Millett, 1964): 
Emergence index E [(no. plants emerged on a day) (days after planting)] 
total no. plants emerged 30 days after planting 
Emergence index is an estimate of rate of emergence. Inbreds also were 
evaluated for percentage emergence at 30 days after planting and seedling 
dry weight. For the last trait, 10 plants per inbred were harvested 
(above-ground parts onlyl, dried to uniform moisture in a forced-air 
drier at 80°C , and weighed. 
Analyses of variance combined over years and locations were performed 
for the three traits, and the inbreds x environment interaction was par-
titioned into components due to inbreds x years , inbreds x locations, and 
inbreds x years x locations. Components of variance for these interac-
tions were computed from appropriate mean squares. Means for the three 
traits were computed for various combinations of years and locations, and 
inbreds were rated for cold tolerance by a rank-surmnation index (Mock and 
Skrdla, 1978; Mock and McNeill, 19781. This index was obtained by ranking 
the means of each of the three cold-tolerance traits for each inbred and 
sununing the rankings for the three traits for each inbred. Inbreds also 
were ranked on the basis of values from modified selection indexes (Pesek 
and Baker, 1969) composed of the three traits. Desired-gain values for 
these indexes were the differences between means for percentage emer-
gence, emergence index, and seedling dry weight recorded for early April 
and early May plantings of the inbreds. 
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Because the Iowa Agriculture Experiment Station is located at Ames 
and because 1974 was the initial year for this study, I used results from 
the Ames 1974 experiment as one year's data. Data also were combined 
across various combinations of years and locations to generate different 
en vi ronmen ts • 
RESULTS AND DISCUSSION 
The four environments used in my study were different, and these dif-
ferences were reflected in means for the three traits (Table ll. Poorest 
mean performance.s were obse.rved at Algona in 1976, and, in general, best 
means were recorded at Algona in 1974. 
Table 1. Means for percentage emergence, emergence index, and seedling 
dry weight of 34 maize inbreds planted in early April two years 
at two locations in Iowa, 
Location Emergence Seedling 
and year Emergence index dry weight 
(%) (days) (dg) 
Ames 
1974 61. B 22.5 1.2 
1976 55.8 20.4 0.7 
Algona 
1974 70.5 21. 3 0.7 
1976 53.0 25.5 0.6 
Mean 60.3 22. 4 0.8 
Analyses of variance for the three traits demonstrated highly sig-
nificant differences among the 34 inbreds (Table 21. Furthermore, two of 
the three components of inbreds x environments interaction were signifi-
cant for each trait (Table 21. Inbreds x years and inbreds x years x 
locations interactions were significant at the 0.05 level of probability 
for percentage. emergence. For emergence index and seedling dry weight, 
the inbreds x years and inbreds x locations interactions were significant 
(.Table 2) . 
Magnitudes of mean squares (Table 2), in general, were largest for 
the inbreds x years component. Estimates of variance components (Table 
3) also showed inbreds x years to be most important (i.e., a1y was 30.9, 
56.6, and 33.3% as large as a~ for percentage emergence, emergence index, 
and seedling dry weight, respectively). Heritability estimates for the 
three traits were all relatively large (Table 3). Obviously, there are 
heritable differences among the 34 inbreds for the cold-tolerance traits, 
and precise evaluations of similar maize materials could be obtained by 
testing for more than one year at one location rather than screening at 
several locations within one ye.ar. 
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Table 2. Mean squares from analyses of variance for cold-tolerance traits 
of 34 maize inbreds planted in early April for two years at two 




Years x Locations 
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Inbreds 
Inbreds x Years 
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index dry weight 
ll5.10 10. 0 7 
378.74 10. 58 
1040 .96 4.55 
6.55 0. 39 
11.12** 0 .54** 
3.95** 0.12 ** 
2 .98* 0 .13** 
2.17 0.08 
1. 89 0.06 
6 .1 29.5 
Table 3. Es timates of variance components and heritabilities for cold-
tolerance traits of 34 maize inbreds planted in early April for 
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Desired gains for the modified selection index for e ach environment 
studied are given in Table 4. In all environments, greatest weight was 
given to seedling dry weight ; consequently, that trait was the most im-
portant component in all modified selection indexes generated. 
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Table 4. Desired gains for percentage erre rgence, emergence index, and 
seedling dry weight of maize inbreds evaluated in various en-
vironments in Iowa. 
Ames Ames & Algona Ames 
Trait 1974 1974 1974 & 1976 Combined a 
Emergence (%) 9 . 7 12.2 15.7 15.3 
Emergence index 
(day s) -6.7 -3.8 -4.3 - 4 .7 
Seedling dry 
weight (dgl 18.5 30.2 133.5 92.4 
aData combined over two years a nd two locations. 
Usually , the same inbreds were selected by the modified selection 
index and the rank-summation index (Table 5). Only when selection was 
based on one year's data (i.e., Ames 1974, and Ames and Algona 1974) were 
there discrepancies between inbreds selected by each index. In the 1974 
Ames environment, the modified-selection index ranked F6 among the best 
six inbreds, but the rank-summation index chose (V3 x Bl4)-2-l. Further-
more, B73, the best cold-tolerant inbred based on the two-year and com-
bined data, was not selected b y either index calculated on Ames 1974 data 
only. Both indexes, however, selected identical inbreds when data were 
averaged over two ye a rs at Ames o r over all four environments. 
Table 5. Six best cold-tolerant maize inbreds selected by a modified 
selection index (MSI) and a rank-summation index (RSI) devel-
oped from data collected for 34 inbred lines planted in early 
April for two ye ars at two locations in Iowa. 
Se lee- Lines selected on b asis of data from: 
ti on Ames Ames & Algona Arres 
method 1974 1974 1974 & 1976 Combined a 
MSI Mo7 Mo7 B73 B73 
Pa70 Pa70 Pa70 Pa70 
H98 F6 Pa351 Mo7 
F6 B73 Mo7 Pa351 
NY693 Nl32 H98 (V3 x Bl4) -2-1 
Pa351 E2891-l (V3 x Bl4)-2-l H98 
RSI Mo7 Mo7 B73 B73 
Pa351 B73 Mo7 (V3 x Bl4)-2-l 
(V3 x Bl4)-2-l Pa70 (V3 x Bl4)-2-l Mo7 
H98 Oh40B H98 H98 
NY693 (V3 x Bl4)-2-l Pa351 Pa351 
Pa70 A340 Pa70 Pa70 
aData combined over two years and two locations. 
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Selection based on data collected from two locations within 1974 also 
gave di fferent results (Table 5). The number of common inbreds selected 
by each index was only three out of six, whereas each index selected five 
of six or six of six common inbreds for the other environments. Selection 
based on locations within 1974 resulted in each index choosing only three 
inbreds that were ranked in the top six by data from Ames 1974 and 1976 
or the combined data (Table 51. Obviously, the most precise evaluation 
and selection for the cold-tolerance responses of similar maize genotypes 
should be attained with data combined across years. Unfortunately, this 
t ype of selection scheme would result in a longer selection cycle than if 
selections could be made from one year's data. 
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IMMUNI ZATlON OF SWINE WITH 
Mycopla6ma hyopneumovU,ae VACCINES 1 
M. Slavik, 2 W. Schuller, 3 and W. P. Switzer4 
ABSTRACT. Several possible vaccines were evaluated for their effective-
ness in preventing Mycoplaoma hijopneumovU,a~ infection in swine. Pigs vac-
cinated simultaneously with heat-inactivated M. hyopnewnovU_ae by intra-
venous, footpad, and subcutaneous routes were partially protected against 
subsequent M. hyopnewnovU,ae challenge as demonstrated by a reduction in 
gross pneumonic lesions. Similar results were observed in pigs vaccinated 
by nasal, subcutaneous, or footpad routes. Levels of complement-fixation 
titers in pigs were not correlated with. protection of pigs against M. 
hyopnewnovU,ae challenge. 
INTRODUCTION 
Mycoplasmal pneum:::>nia of swine (MPSl is a chronic, worldwide pneu-
monia. Th.e disease is clu:lracterized by a nonproductive cough, loss of 
vigor, reduced feed efficiency, high morbidity, and low rrortality. For-
merly known as virus pneumonia of pigs (VPP1 and later as enzootic pneu-
monia of pigs (EPPl, mycoplasmal pneumonia of swine is caused by MyC.o-
plaoma hyopnewnovU,ae (Mare and Switzer, 1965) • Because of the chronic 
nature of the disease and the increased susceptibility of pigs with MPS 
to other pneumonia-producing agents, mycoplasmal pneumonia of swine is of 
great economic importance. For this reason the following work was done 
to evaluate the effectiveness of several possible vaccines to protect 
pigs against M. Eujopneumon.iae infections. 
MATERIALS AND METHODS 
Vaccine Preparations 
1. Subcutaneous and footpad vaccines. A 1:10 dilution of M. hyo-
pneumovU_ae strain 11 packed cells in veronal buffer was heated at 52°C 
for one hour and mixed with an equal volume of Freund's incomplete adju-
vant. 
2. Intranasal M. hyopneumovU,ae vaccines. Two-day broth cultures of 
M. hyopneumon.iae strain 11 were used. 
1From the Veterinary Medical Research Institute, College of Veterinary 
Medicine, Iowa State University, Ames, Iowa 50010. 
2Present address: Department of Animal Sciences, University of Arkansas, 
Fayetteville, Arkansas 72 701. 
3Professor, Medizinische Klinik der Tierarztlich Hochschule Linke Bahn-
gaase 11. 1030, Vienna, Austria. 
4Professor, College of Veterinary Medicine, Iowa State University, Ames, 
Iowa 50010. 
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3. Intranas al M. bovA.A/U._YIAA vacc i ne s . Two-day broth cultures of 
My c.oplaoma bo vi Ji. fU._n,Ll were used. 
4. I n travenous vacc ine s . Two-d a y broth cultures of M. hyopn.e.wnon,i_ae. 
strain 11 we re used. 
Experimental Swine 
Six- to 8- we ek-old Yorks hire and Hampshire p igs were used in these 
trials . The p igs were from a herd believe d to be free of MPS, based on 
complement-fixati on test resu l t s a nd p eri o d ic gr oss a nd micros cop ic lung 
e xaminations. 
Challenge Inoculum 
A 10% suspension of homogen i zed Id . hyopn.e.wnoMae. pneumonic lung in 
Eagle's medium was used. 
Complement~Fixation Test 
A modified microtitratio n complement~fixation (CF) test (Slavik and 
Switzer, 1972) was used to determin e h umoral CF antibody responses in the 
p igs to the various vaccines. 
Exp eriment 1 
Six 7- to 8-week old pigs (Nos. 13- 18) received the following three 
treatments: (1) 3. 0 ml fluid culture of passage 131 M. hyopn.e.wnon.iae. in-
travenously; (2) 0.3 'ml of an equal volume of a 1:10 M.hyopn.e.wnon.iae. sus-
p ension in VBD heated 52°C for 30 min and Freund•s incomple te adjuvant 
into the left front footpad; and (3) same as 2, excep t 1.0 ml injected 
into the flank . These inoculations were rep eated at 6 days. A control 
group of eight pigs (Nos. 19~26) received no treatments. At three weeks 
oosttreatment all pigs were inoculated intranasally with 1 ml of a 1% M. 
hyo pn.e.wnon.iae. lung suspension in complete Eagle's medium. Five weeks 
postinoculation all pigs were necrop s ied and their lungs were examined 
for evidence of pneumonia. Blood samples were collected periodically dur-
ing the experiment to o btain sera for CF testing . 
Experiment 2 
Thirty 6- to 8-week-old pigs were divided into five groups and re-
ceived the following treatments: (11 Group 1 - 0.5 ml of an eq ual volume 
of a 1:10 M. hyopn.e.wnon.iae. suspension in VBD heated 52° C for 30 min and 
Freund's incomplete adjuvant were injected into the right hind footpad . 
Two weeks later, 1.0 ml of the same vac cine was i nje c ted into the left 
hind footpad; (2) Group 2 - same as group 1, except that vaccine was in-
j ected subcutaneously into the right and l eft flanks; (3) Group 3 - in-
tranasal inoculation of M. hyopn.e.wnoMae. b roth culture was done by use of 
a nebulizer that delivered 5- to 40- micron droplets. Repeated on day 2 
and day 4: (41 Group 4 - same as group 3, except M. boviiliYIAA broth cul-
ture was used; and (5) Group 5 - no treatment. Four weeks after vaccina-
tions, all pigs were challenged intratracheally with 3 ml of a 1:10 M. 
hyopn.e.wnon.iae. pneumonic lung suspens ion. Challenge was repeated 2 days 
later. Blood samples were drawn periodically throughout the experiment 
to obtain sera f or CF testing. At 5 weeks postchallenge all pigs were 
necropsied and examined for lung lesions. 
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RESULTS 
Experiment 1 
In four of six pigs (Nos. 13, 14, 16, and 18) vac cinated simulta-
neously with heat-inactivated M. hyopnewnoniae b y intravenous, footpad, 
and subcutaneous routes, CF serum antibody was detected 7 days postinocu-
lation. The remaining two pigs (Nos. 15 and 17) of this group developed 
a detectable CF titer by 19 days postinoculation. Complement-fixation 
titers of pigs at necropsy ranged from 1:512 to greater than 1:2048. Ex-
amination of the lungs revealed that one pig (No. 161 of the vac cinated 
group developed a gross pneurnonic lesion, which was estimated to be 0.5% 
of total lung as a result of challenge exposure. Complement-fixation 
titers of the positive control group were much lower than the CF titers 
of the vaccinated group, ranging from less than 1:4 to 1:64. Five of the 
eight positive control pigs had gross pneurnonic lesions at necropsy. The 
estimated percentages of lung lesions of those five p igs were 25.0%, 
3.0%, 0.5%, 3.0% and 0.5%. 
Experiment 2 
The pigs injected via footpads developed extensive inflammation at 
the sites of injection. Pigs subject to flank injection developed an in-
durated swelling at the inoculation sites. 
Pigs vaccinated intranasally with either M. hyopnewnoniae or M. bo-
viilinJA showed only transient, low-level, CF titers after vaccinations. 
In nonvaccinated control pigs no CF titers were observed until challenge. 
After challenge with M. hyopnewnoniae , all pigs except one in these three 
groups developed CF titers of 1:8 to 1: 64 by necropsy at 5 weeks post-
challenge. 
In the remaining two groups of pigs that were vaccinated with M. hyo-
pnewnoniae by the footpad route or by the subcutaneous route, complement-
fixation titers from 1:32 to greater than 1:2048 were exhibited 2 weeks 
after vaccination. At necropsy the majority of pigs in these groups had 
CF titers of 1.:256 or greater. 
The average percentage of lung lesions in the five groups of pigs is 
shown in Table 1. The positive control group and the group inoculated 
with M. bov-UcJ:Un{,o had the most extensive lung lesions, followed by the 
footpad, subcutaneous, and intranasal vaccinated groups. 
Table 1. Average percentage of lung pneurnonic lesions in various vacci-
nated groups of pigs in Experiment #2. 
Treatment Average % of lung pneurnonic lesions 
Nonvaccinated controls 
M. boviilirU..6 B600 intranasally 
M. hyopnewnoniae footpad 
M. hyopneumoniae subcutaneous 
M. hyopnewnoniae intranasal 
aNurnber of pigs in treatment group. 
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DISCUSSION 
As shown in Experiment 1, pigs vaccinated simultaneously with heat-
inactivated M. hyopn.eumofU.ae b y intravenous, footpad, and subcutaneous 
routes were afforded partial protection against subsequent M. hyopn.eu.-
mofU.ae lung suspension challenge as demonstrated by a reduction in the 
extent of lung lesion development. In Experiment 2, similar results were 
observed in pigs vaccinated with heat-inactivated M. hyopn.ewnofU.ae via 
footpad, intranasal, or subcutaneous routes . Mycopla.oma bovi1r.h .. {J1i.6 intra-
nasal vaccination, however, led to no appreciable reduction of pneumonic 
lesions. Since previous work in this laboratory had indicated some com-
plement-fixation cross-reactivity between M. bovVr.IU.~ and ~! . hyopn.eu.-
mofU.ae , it had been hoped that M. bovi.tih..i..~ vaccination would give pigs 
protection against M. hyopn.ewnofU.ae infection. 
The reason the positive control pigs in Experiment 2 exhibited a 
higher percentage of pigs with more extensive lung lesions than the posi -
tive control pigs in Experiment 1 was p robably due to t he number of times 
each group was challenged with M. hyopn.ewnofU.ae lung suspension. Group 1 
received one challenge but group 2 received t wo challenge dosages. In 
future vaccine trials, vaccinated a nd positive control pigs will be chal-
lenged b y contact exposure with M. hyopn.eumofU.ae infected pigs. This will 
more likely mimic field conditions and prevent uncertainty about whether 
too great a challenge was used. 
Several facts concerning level of CF titers and protection were evi-
dent in these studies. Positive control pigs that developed the highest 
CF titers tended to have t he most extensive lesions. In addition vacci-
nation by subcutaneous, footpad, or the t wo in combination with intrave-
nous inje c tion developed much higher CF titers than resulted from intra-
nasal vaccination. It would appear from t hese results that CF antibodies 
play a minor role in protection of pigs against M. hyopn.ewnofU.ae infec-
tion. 
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A LABORATORY TEST OF SPECIES EXCLUSION IN 
S,Lgmodo rt 6ulvive.nteA and S. hbipidw., 
Michael K. Petersenl 
ABSTRACT. A laboratory study of species exclusion was conducted on cot-
ton rats, SigmodoVl 6ulvive.nteA and S. hbipidw.,. Exclusion occurred sig-
nificantly more often interspecifically than at the intraspecific level. 
Food and wa ter did not seem to influence species exclusion W1der these 
experimental conditions. The tests further substantiate the presence of 
negative interspecific interactions that occur between these two species 
when s ympatric. The data appear to fit partially into Terman' s (1974) 
model for competitive exclusion . 
INTRODUCTION 
Competitive exclusion in seminatural or laboratory conditions has been 
examined in a variety of rodent species of Pvwmlj!.i C.UO, Muo, MicAotUJ.i , and 
Sigmodort (Caldwell and Gentry, 1965; Grant, 1971; Terman and Johnson, 
1971; Terman, 1974}. Alth.ough the latter two studies involved MiCAotw.i 
and Sigmodort, to my knowledge no such investigations have been made be-
tween species of SigmodoVl W1der laboratory conditions. 
This study followed a field investigation of interactions be tween t wo 
species of cotton rats, Sigmodon 6ulvive.nte.JL and S. h.Uipiduo (Petersen, 
19 73)., and a laboratory study of beh avioral interactions (Petersen and 
Helland, 1978). The field study, through experimental population manipu-
lations, demonstrated th.at S. 6ulvive.nte.JL had an inhibitory effect on 
population levels, survival rates, life expectancy , movements, and dis-
persion of S.~piduo in the mesquite-grassland areas of eastern Durango, 
Mexico. Subsequent behavioral tests showed that both species tend to 
avoid one another, but if aggression or other interactions occur, S. 6ul-
vive.nteA is the behaviorally dominant species. It was therefore hypothe-
sized that either mutual exclusion or behavioral dominance by S. 6ulvi-
ve.VtteA would occur W1der the experimental conditions set forth in this 
in vestiga ti on . 
METHODS 
To evaluate species exclusion between these two rodents, a test cham-
ber (2.3 by 1.2 by 1.2 ml was constructed of 6.35 mm plywood. The chamber 
was divided into three equal-sized compartments with. walls 1.2 m high . 
Each partition had three equally spaced holes (5.08 by 5.08 cm) that 
could be closed at the discretion of the investiga tor. The floor was 
covered with new wood shavings for each trial . Three cl umps of orchard 
grass (Vac;tyw glome.JLata)_ were planted in gallon-sized tin cans for par-
tial habitat simulation in each compartment. All compartments h ad two 
1Formerly Assistant Professor, Department of Animal Ecology, I owa State 
University, Ames, Iowa 50011. 
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46-oz tin cans that served as nest shelters. Fluorescent lighting was 
provided on a 10-hour light, 14-hour dark cy cle. 
The rats used were wild-caught (but had been in captivity at least 
one year) or were descendants of wild-caught individuals from Atotonilco 
de Campa in eastern Durango, Mexico. Although a variety of age classes 
should be tested to duplicate probable types of interactions in nature, 
only adult animals were used because they were the only animals available 
at the time of testing. Test animals were selected randomly with the 
restriction that neither cage nor litter mates were tested against each 
other. There was no previous contact between males and females of any 
pairs used, and no females were pregnant or lactating. Each individual 
was tested only once. 
An interspecific test consisted of placing a male and female S. fiul-
vi vmteJL in one end compartment, and a male and female S . !UhpidU6 in the 
other end compartment. Intrasp ecific tests consisted of one male and one 
female in each. en.d compartment. Roles between compartments were close d 
for the first 24 hr to allow for acclimation. During the following 3 
days, all holes were left open to allow free movement throughout the test 
chamber. The position Ccompartmen t numberl of each. rat was recorded three 
times (8:30 A.M., 2:00 P.M. , 10:30 P.M.) daily for a total of nine obser-
vations per test. 
Two treatment types we re used in these studies; one consisted of food 
(mouse chow) and water (both ad .llbitum) in all three compartments; the 
other of food and water (both ad .llbitum) only in the central compartment 
(to determine if food and water had any effect on species exclusion). Two 
tests of each treatment type were conducted both intra- and interspecifi-
cally. 
RESULTS 
The data were first analyzed for effect of food and water placement 
upon spatial distribution . A Goodman's chi-square test for three-dimen-
sional contingency tables indicated no signifi;ant differences (x2 =0.25, 
6 d.f.) between treatment regimes, so data from both treatments within 
each set of tests (intra- and interspecific) could be combined (Table 1). 
Table 1. Number of exclusive and nonexclusive situations occurring in all 
tests for S. fiul.vive,n.,te..Jt and S. !UhpldU6. 
Exclu-
Combination sivity 
s. t)ui.viv e.n.te.Jt in traspecific 11 
s. !UhpidU6 intraspecific 10 
Both species inters p eci fi c 13 
Non-
exclu-






0 . 60 
l.Bob 
Frequency of pairs 





aFirst number interspecifically is for S. t)ui.vive.n.t eJL and the second num-
ber is for S. {U,c,p,{_duo; intraspecifically, the first number represents 
pairs placed originally in left-hand compartment, whereas the second num-
ber represents pairs placed originally in right-hand compartment. 
bP~0.05 where Z = 1.64. 
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Thus, a total of 36 observations (=situations) were made for each intra-
and interspecific category. Species exclusion data were analyzed using a 
Z-test for a binomial p-distribution. Exclusion in this study is defined 
as any combination whereby both individuals of one species were found to-
gether in one compartrnent; the two individuals of the other species could 
eith.er be together in another compartment or separated in both the other · 
compartments. The same was true in the intraspecific combinations where 
each pair originally placed together was treated as a "species." In a 
given test there were 81 possible ways that the four rats could be locat-
ed in the three compartments. Of these, 18 could be considered "exclu-' 
s i ve" situations as de fined above. 
A comparative food consumption test in which mouse chow was used 
s h owed that individuals of S. 6uiviveviteJt had a significantly greater 
(P.::_O. 01) daily food intake (18.45 gm) than did individuals of S. h,U.,pidUJ.:i 
(14. 74 gm) , al though S. hJ./.:, pidUJ.:i averaged somewhat larger body weights 
than did S. fiu,lvive.vitVt (214.14 vs 192.51 gm). Individual S. h,U.,pidUJ.:i, 
on the other hand, consumed significantly more (P<O .01) water per day 
than did individual S. 6uivive.nteJt (32.47 vs 19 .6 5 ~). Student's t-tests 
were used to analyze data for the food and water consumption tests. 
DISCUSSION 
Although there were differences between the two species with respect 
to food and water consumption in captivity, results of the tests indicate 
that nutrition seemingly was not a species exclusion variable under these 
experimental conditions. Petersen (19731 similarly concluded that food 
was not involved in interspecific interactions under field conditions. 
As expected, exclusion was more prevalent interspecifically than 
intraspecifically. The data in Table 1 suggest this. Also, because ex-
clusion occurred approximately one-third of the time, intra- and inter-
spe cifically coMbined (34 of 108 observations) , whereas, one would expect 
this phenomenon to occur about one-fifth of the time (18 of 81 possible 
combinations), the data indicate that social structures were rapidly 
formed (X2 = 5. 36; P.sO. 051. Wolfe and Summerlin (1968) recorded similar 
results in S. h,u., pidUJ.:i. Species specific discriminatory behavior such as 
that described b y Smith (1964}, behavioral dominance and avoidance noted 
by Petersen and Kelland (19 781, and olfactory discrimination in S. 6uivi-
ve.vite.Jt and S. hJ./.:, pidUJ.:i (Harris and Petersen, unpublished data) may have 
contributed to the resulting spatial distributions. Olfaction may be im-
portant because the habits of Sigmodovi restrict most cott:on rat activity 
to runway systems, thus providing a convenient means of depositing scent 
that could be detected by other individuals using the runways. 
Pairs were found in their original compartments in approximately 
equal frequencies during intraspecific tests, whereas, interspecifically, 
S. hJ./.:,pidUJ.:i pairs were mJre often found in their original compartment 
than were pairs of S. 6u,lviveviteJt (Table 1). Thus, S. : 6uivive.vite.Jt was 
more able to become established in any of the other comp artments than was 
S. hJ./.:,p-i_dUJ.:i. Behavioral dominance by the former species may have played 
an important role in these instances. 
This study further substantiates the occurrence of negative inter-
actions between S. 6u£viveviteJt and S. h,u.,pidUJ.:i . Species exclusion was not 
as pronounced as that reported b y Terman (1974)_, where Sigmodovi may 
actively attack. and kill MiCAotUJ.:i. The two species of Sigmodovi from 
Durango, Mexico seem to exclude one another mainly b y avoidance reactions 
or infrequently by aggression of S. 6ulvivevite.Jt toward S. lU1i pidUJ.:i. Both 
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species occupy simultaneously the same habitat but are spatially segre-
gated so that they coexist peacefully. Currently the existing data (in-
cluding those from Petersen, 1973; Petersen and Helland, 1978; and Harris 
and Petersen's unpublished study on s,i_gmodon olfactory discrimination) 
appear to fit partially into Terman's (1974) model for competitive exclu-
sion; complete exclusion of S. '1.u.:ip,(,duo has not yet occurred in the Dur-
angan Sigmodon populations. 
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SEASONAL INCIDENCE OF I.ooglcuU.dacJU-6 WMcon6inen6M 
( CESTODA: CARYOPHYLLAEIDAE) IN ITS FISH HOST 
Dennis D. \•'i 11 i ams 1 
ABSTRACT. The seasonal incidence of I.o ogla!Uda~ WMcon6inen.o M Wil-
liams, 1977 in its fish host, Hypen.te,.l{_wn nig!Ucan6, was studied from 
June 1977 to August 1978. Increases in incidence and population occurred 
in spring and autumn and decreases occurred in February and July. Gravid 
cestodes were p resent in all months. Maturation of the cestode is also 
discussed. Specimens of four other caryophyllaeid species were also ob-
tained. 
INTRODUCTION 
Many studies have established that caryophy llaeidean cestodes occur 
seasonally in their fish hosts, including studies by Lawrence (1970} and 
Fredrickson and Ulmer (19671 , which reported the seasonal incidence of 
three species of I.o oglcuU.da~ CI. bul..bouJUtuo Mackiewicz, 1965; I. 
longuo Fredrickson and Ulmer, 1967; and I. 6oL<,uo Fredrickson and Ulmer, 
1967). This communication presents information about the seasonal inci-
dence of I.ooglcuU.daCJU.l, WM con.oinen6i.o Williams, 1977 in its fish host, 
Hypen.teL<,u.m nig!Ucan.o (northern hogsucker) . 
Twelve to 23 (x = 15.81 H. vU.g!Ucan6 , 27 to 49 cm long and collected 
monthly from June 1977 to August 1978, were scrutinized for caryophy l-
laeideans. A 7.6 km section of the Red Cedar River (southern Barron Co.), 
Wisconsin, comprised the study area. Cestodes were preserved in cold 10% 
formalin, stained in Mayer's paracarmine, and mounted in resinous media. 
A microprojector facilitated the preparation of Figures 1-7. 
Maturation was studied b y categorizing I. WM con.oivien.oM as immature 
(lacking one or more reproductive organs} (Figures 1-3), mature (possess-
ing all reproductive organsl (Figures 4-5) , or gravid (possessing eggs or 
ova (Figures 6-7) . 
RESULTS 
The seasonal incidence (percentage of parasitized fish) of I. wi.o con-
J.Jinen.oi.o, summarized in Figure .$, can be delineated as increases in inci-
dence in spring and autumn and decreases in incidence in July and Febru-
ary. These results concur with those of Lawrence (1970) for I. bul..b o u~­
~U6 for February to May and autumn and Fredrickson and Ulmer (1967) for 
I. longuo and I. 6oliuo for autumn. An obvious disparity exists between 
r. WM con6inen.oi.o and the three other species for the period July to 
November. 
1Present address: 1924 19th Avenue, Bloomer, Wisconsin 54724. 
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Seasonal population changes regarding maturation are given in Figure 
9. Gravid cestodes were obtained in all months with the greatest inci-
dence occurring in spring and autumn (Figure 8). Data about mean, maxi-
mum, and minimum lengths of gravid I. w..Ll c.on.oi ne.n.o..Ll per month, expressed 
in Figure 10, reveal a pattern of increasing length to June, then de-
creasing to October. Few mature and immature cestodes were obtained and 
no comparison of their lengths is given. 
No significant host sex differences were detected either in regard 
to the total number of fish. examined CP >. 800) or for fish examined during 
th.e spawning season (April and MayL CP >. 900). 
Other caryophyllaeids parasitizing H. vtig!Uc.an6 during this study 
were (gravid: mature: immature)_: 19:12:13 Gla!Udac!UJ.i t aJtuu (LaMont, 
1921); 2:2:5 G. c.a;to~torri Cooper, 1920; 4:1:8 Monoboth!Uum ulme.!U Calen-
tine and Mackiewicz, 1966; 0:0:3 &lac.eA:.abulwn i n fihe.q ue.n.6 Hunter, 1927; 
and three gravid unidentified specimens. 
DISCUSSION 
Examination of data summarized in Figures 8 and 9 indicates that the 
life cycle of I. Wif.i c.on.oine.n.o..Ll in l:f. nig!Uc.an.o may be annual, commencing 
with recruitment in spring and continuing until winter. This supposition 
would account for the shorter and, hence, smaller gravid cestodes obtain-
ed during summer months and tne progressive increase until the following 
June (Figure 10). The low incidence and population during winter may re-
sult from decreased feeding by fish (no or very little food was found in 
the digestive tract during winterL and with less chance of ingesting the 
parasitized intermediate host or, possibly, from the detrimental effect 
of colder winter water temperatures (0.5 to 2.9° C) upon the cestode. The 
fact that gravid cestodes possessed numerous ova but lacked egg shells 
during winter suggests that lower temperatures affect cestode physiology 
adversely. 
Increased feeding by /:{. vtig!U c.an.o during spring would probably in-
crease its chance of being parasitized and possibly could account for the 
increase in incidence and population at this time. Increased length of 
gravid cestodes may also be affected by increased feeding, since addi-
tional nutrients for growth would be available. Another possible cause 
for a spring increase in incidence and population could be the effect 
that spawning and the resulting hormonal, physical, or physiological 
changes h.ave upon the fish and, subsequently, the cestode. 
Numerous investigators have suggested water temperature as a causa-
tive factor influencing seasonal incidence. Kennedy (1971) demonstrated, 
experimentally, that water temperatures of 12° Corless increased the 
incidence and duration of parasitism by Ca!tyophyltae.Ufi ~c.e.y.:v., (Pallas, 
1781) in its fish host. This may explain the increase in incidence and 
population of I. w..W c.on.oine.n.o..Ll in spring and autumn, times when water 
temperatures were 12 ° C or less, and the lower incidence and population 
during summer, when water temperatures were 18° C or above. A tempera-
ture-dependent factor, however, does not explicate the increase of imma-
ture cestodes during summer. 
To date, studies reporting the seasonal incidence of I~ ogta!Uda~ 
pertain to s pecies from regions characterized by extreme water-temper-
ature change (O. 5 to 24.6 ° C variation for the Red Cedar River) , but 
meager information is available for species from regions where water-
temperature changes are less extreme. A study of species of I~ o gta!Udac.­
W, such as I. eJUta;f:i c.uo Williams, 1975 or I. e.t owani Williams, 1975 
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from Alabama catostomids, might assist in e lucidating the effect of tem-
perature upon season incidence. 
LITERATURE CITED 
Fredrickson, L.H., and M.J. Ulmer. 1967. Caryophyllaeid cestodes from 
two species of redhorse CMo x.o-6.tomaL. Proceedings of the Iowa Academy 
of Science (1965) 72: 444-461. 
Kennedy, C.R. 1971. 'lhe effect of temperature upon the establishment and 
survival of th.e cestode CatLtjophyilae.u.6 la.tic.e.y.Y.i in orfe, Le.ucMc.u.6 
idu.6. Parasitology 63: 59..,.66. 
Lawrence, J.L. 19 70. Effects of season, host age, and sex on endohel-
minths of Ca.to-6.tomu.6 c.ommeA6 on.i . Journal of Parasitology 56: 56 7-
571. 
308 WILLIAMS 
Figures 1-7. I.oogla!UdacJU6 wi.o c.oV!.6meJi6i.o . 1-3. Immature cestodes. 
1. smallest obtained. 3. largest obtained. 4, 5. smallest and largest 
mature cestodes obtained. 6. posterior of smallest gravid cestode ob-
tained. 7. anterior and posterior of largest gravid cestode obtained 
(median segment excluded). Scale equals 1 mm. Abbreviations: C - cirrus 
sac; 0 - ovary; P - postovarian vitellaria; T - testes; V - preovarian 
vitellaria. 
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Figure 8. Incidence of parasitism of catostomid fishes by four species of 
I-6 ogla.M_dacJT.M. Abbreviations: b - I. bul.bo ciJULU6 (Lawrence, 
1970); f - I. 6oliU6 (Fredrickson and Ulmer, 1967}; l -I. long U6 
(Fredrickson and Ulrrer, 1 96 7}; and w - I. wL.sc.on6,l111 n,6,U., (this 
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Figure 10. Length (in mm} of gravid I.6 oglaJU.daCJU!.i w.-0.i c.oVl.6ineVl.6.-Ll obtain-
ed from Hypenteliwn nigtiic.aVl.6 from June 1977 to July 1978. 
Solid line indicates mean length; dotted lines indicate maxi-
mum and minimum lengths. 
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SEASONAL INCIDENCE OF Gf<VUda~ -taJtue,,L AND 
G. c.a:to!i:tomi_ IN RED CEDAR RIVER, HISCONSIN 
Ca:ta!i:tomUJ.i c.ommeJlJ.:, orU_ 
Dennis D. Williamsl 
ABSTRACT. Information about, and possible explanations for, the seasonal 
incidence and intensity of two caryophyllaeid cestodes parasitizing white 
suckers are presented. 
INTRODUCTION 
Two studies provide information about the seasonal incidence of the 
caryophyllaieds, Gf<VUdacJUs c.a:toJ.i:tomi_ Cooper,1920 and G. faJLuu (LaMont, 
1921). Calentine and Fredrickson (1965) reported the periodicity of G. 
c.a:toJ.i:tomi_ (and four other caryophyllaeids1 from Iowa River CatoJ.itomuo 
c.omme.JU:ion{,, and Lawrence (1970) studied the incidence of G. faJLuu and G. 
c.a:tof.i tome (and one addition al caryophy llaeid) from Maine C. c.ornme.M ovU_. 
This paper presents information about the seasonal incidence of G. 
faJLuu and G. c.a:toJ.itomi in specimens of C. c.omme.MoM from the Red cedar 
River, Wisconsin. 
Eleven to 22 C. c.omme.MoM, 29 to 54 cm in length, were collected 
monthly from July 1977 to July 1978 and scrutinized for caryophyllaeide-
ans. A 7.6 km section of the Red Cedar River (Barron County) upstream 
from the highway A-I bridge and a 7.8 km section of the Chetek River 
(Barron County), upstream from its junction with the Red Cedar River, 
comprised the study area. Caryophyllaieds were preserved in cold 10% 
formalin, stained in Mayer's paracarmine, and mounted in resinous media. 
A microprojector facilitated the preparation of the two figures. 
In order to study maturation, cestodes were categorized as immature 
(lacking one or more reproductive organs l (Figure 1) , mature (possessing 
all reproductive organs), or gravid (possessing eggs) (Figure 2) . 
RESULTS 
In this study, involving a lentic environment, G. faJLuU exhibited a 
definite seasonal incidence (Figure 3) with a greater incidence in May 
and August through December. Lawrence (1970) found no seasonal incidence 
for G. faJLue_.,{_ obtained from C. c.omme/1J.:,OM in a lotic environment. The 
mean intensity of G. faJLuu is shown in Figure 4. 
A seasonal incidence was also noted for G. c.a:toJ.i:tomi_ Examination 
of Figure 5 indicates that a high incidence occurred in winter, spring, 
and fall but declined in summer. 
The intensity of gravid, mature, and immature G. c.a:toJ.itom{_ is given 
in Figure 6 and shows that the number of immature cestodes increased from 
June to November and decreased to May. Mature cestodes were present ap-
proximately 3 months later than immature, increased in number to March, 
1
Present address: 1924 19th Avenue, Bloomer, Wisconsin 54724. 
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and were not present during the summer. Gravid cestodes, present 1 month 
later than mature and 4 months later than immature, increased in number 
to May and then declined during the summer. 
DISCUSSION 
The seasonal occurrence of G. laAue,,l and G. ca;to-6tom; in their fish 
hosts is similar to many caryophyllaeideans, including a third species of 
Gl~dac.Jz.,,[o, G. voge,,L from C. macAoche,,llt.M in Oregon (Williams, 1978). 
Factors suggested as an explanation for the seasonal incidence of 
caryophyllaeideans in fish include: feeding habits , physiology, age, sex 
and immune response of the host; availability of procercoids in oligo-
chaetes; life span of caryophyllaeids in fish; and water temperature as 
it affects the physiology and feeding of fish. It has not, however, been 
definitely proven as to which of these factors determine seasonal inci-
dence. 
Calentine and Fredrickson (1965) believed that the short life span 
of caryophyllaeids in fish and the presence of G. ca;toJ.:,tom[ prevented the 
occurrence of other caryophyllaeids in C. commeJr.J.:iOM. This may explain 
the seasonal incidence of G. la.Jlue,{, and G. ca;to-6toml in Red Cedar River 
C. commeJi60M since it is possible that longevity of G. c~-6tom; in fish 
is a yearly cycle (Figure 6) initiating with the recruitment of immature 
cestodes from June to December and a decline in number to the following 
May. In September and October mature and gravid cest,odes, respectively, 
increased in number, undoubtedly the result of cestode maturation. An 
obvious decline in populations of immature, mature, and gravid cestodes 
was noted in May, June, and September, respectively. If the presence of 
G. c~-6torn,l, especially gravid cestodes, inhibits or prevents the estab-
lishment of other caryophyllaeids, namely G. laJLue,{, in this study, it 
would be expected that few G. laJLue,{, would be p resent when the incidence 
and intensity of gravid G. ca;to-6tomi_ is highest. Observation of Figures 
3-6 seems to support thi s contention, except that t he intensities of G. 
laJLue,{, and G. c.a;to,otom[ are both higher in May. Perhaps, as water tem-
perature increases, thus affecting C. commeJr.J.:i OM in some way, the inhib-
iting mechanism, as suggested by Calentine and Fredrickson (1965), no 
longer functions. 
Although only conjecture, possibly G. ca;to-6tom; influences the popu-
lation of G. la!Lue,,L and is itself influenced by an immune response pro-
duced by C. comme!v.SOM during warm water conditions. Kennedy and Walker 
(1969) found that a temperature-immune response mechanism accounts for 
the incidence of CaAyophyllaeuo l@cepti (Pallas, 1 781) in its fish host. 
It is also probable that no single factor i s responsible for the seasonal 
incidence of G. ~aJLue.,{_ and G. ca;lo~;(;om{, , but rather that several factors, 
acting simultaneously, are responsible for seasonal incidence. 
'IWo morphological anomalies involving duplication of the posterior 
body of a gravid {_Figure 2)_ and a mature specimen of G. c~J.:,tom; were 
obtained during March, 1978. 
Nine specimens of Monoboth!Uum hunt<VU., Mackiewicz, 1963 were also 
obtained. 
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Figures 1-2. Glo.!Udac.J&W ~a.to~torrvi.. 1. Irmnature cestode. 2. Anomaly shewing duplicate reproductive organs. 
Figures drawn to same scale (1 nun). Abbreviations: C - cirrus sac; G - female gonopore; 0 - ovary; P -
postovarian vitellaria; T - testes; U - uterus; V - preovarian vitellaria. 
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Figure 3. Incidence o f parasitism of CatoJ.itomw.i c.ommeMoni by GlaJlidacJ!,,{,o 
l aJtuU. Abbreviations : m - Maine (Lawrence, 1970 ); w - Wiscon-









Figure 4. Mean number of gravid (g) , mature (m), and immature (i) GlcuU..-
daCJlJ.,6 laJtuU per fish (CatoJ.itomUJ.i c.ommVL6 oni ) per month (July , 
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Incidence of p arasitism of Cuo'6.tomULi c_omme.M of'U by G.lcuU..daC!1M 
c_a;to).);tonU_. Abbreviations: i - Iowa (Calentine and Fredrickson, 
1965}; m - Maine (Lawrence, 1970) ; w - Wisconsin (this study). 
Figure 6. Me an number of gravid (g), mature (ml, and immature (i) G.lcuU..-
daCJ1M c_a,toJ.i.tom<._ per fis h CC. c.omme.Mof'U) p er month (July, 1977 
to July, 1978) . 
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CORN ROOTWORMl BEHAVIOR IN 
RESPONSE TO TRAP CORN2 
J. F. t~itkmvskP and J. C. Owens4 
ABSTRACT. The behavior of adult western corn rootworm, ViabJtotic.a. vi!t-
gi6eJta Leconte, and northern corn rootworm, V. lon.gic.oJtn,,{,o (Say), in res-
ponse to a late planting of mixed-maturity hybrid corn (trap corn) was 
studied in Iowa in 1973-1974. Western corn rootworms began immigrating 
into the trap plantings at the onset of pollen-shedding in the trap corn 
(mid-August). Immigrating females tended to be age specific and probably 
had not begun to oviposit. Northern corn rootworms did not congregate in 
the trap planting until September. Significant differences (P=0.05) in 
egg deposition and emerging adults t he next year were not obtained be-
tween sampling points in the trap area and sampling points in the conven-
tional areas within 46 m of the trap corn. Significantly more (P=0.05) 
adult western and northe.rn corn rootworms emerged from conventional corn 
69 m beyond the trap~corn areas. Area ratios of major influence of trap: 
conventional corn were established at about 1:4 and 1:2 for the western 
and northern corn rootworms, respectively. 
INTRODUCTION 
Most experience with late-planted corn as a trap crop for western 
corn rootworms (WCR)_ , V,(abJtotic.a vi!tgi6eJta Leconte, and northern corn 
rootworms (NCR), V. lon.gic.oJtn,.,0., (Say), has been in terms of increasing 
the likelihood of high populations of rootworm larvae in designated areas 
during the following cropping season. This is accomplished by attracting 
and concentrating ovipositing female beetles in trap-crop areas in the 
summer and fall. Those areas are then used for research purposes the next 
spring (Owens et al., 1974; Hills et al., 19721. 
Hill and Mayo (1974) reported that the injury potential by corn root-
worm larvae in a 9 .92-h.a cornfield was reduced the year after the pres-
ence of a 0.99-ha center strip of trap corn. In that study both species 
were present, but NCR represented only a small percentage of the total 
rootworm population. 
Reported here are th.e results of a study to determine if behavioral 
differences exist between the two species of rootworms in response to 
trap corn and to evaluate further the trap-cropping system as a means of 
control. 
lcoleoptera: Chrysomelidae. 
2Journal Paper No. J-8831 of the Iowa Agriculture and Home Economics Ex-
periment Station, Ames, IA 50011. Projects tJo. 1954 and 1991. Financial 
support was provided in part by the Cooperative State Research Service 
Grant 316-15-64 and Environmental Protection Agency Grant R802-547. Re-
ceived for publication December 23, 1977. 
3Present address: Northeast Station, University of Nebraska, Concord, NE 
68728. 
4Present address: Department of Entomology and Plant Pathology, New Mex-
ico State University, Las Cruces, NM 88003. 
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MATERIALS AND METHODS 
The study began in 1973 and was continued in 1974 in Clayton County, 
Iowa. A 16. 2-ha field was planted to corn (Dekalb XL-43) on May 8. Two 
strips (12 m wide and 243 m longJ then were p lanted with mixed- maturity 
hybrid corn (1150-1650 heat units to silkingJ on June 24 in 76 . 20-cm_rows 
at 93,898 plants/ha along semiparallel contour terraces. The two strips 
of trap corn were separated by a single strip of conventional corn, 23 m 
wide on the one end and 46 m wide on the other end. The 23-m width dis-
crepancy across the total length of the strip of conventional corn was 
due to additional short point rows at the wider end (Figure 1) . 
Five sampling sites were located every 40 m along the middle rows of 
each of the two 12-m-wide strips of trap corn. Sample sites in the con-
ventional corn also were located every 40 m along preselected single rows 
parallel to the contours of the trap corn. A sample row of conventional 
corn was selected midway between t he two strips of trap corn, and a sec-
ond sample row of conventional corn was selected 23 m outside the strips 
of trap corn. These strips of corn were permanently marked for addition-
al rootworm observation in 1974. Two additional strips of conventional 
corn, 23 m and 46 m beyond and outside 23-m-wide strip of conventional 
corn used in 1973, also were marked for use in 1974 (Figure 1). 
Weekly counts of WCR and NCR adults were begun on August 5 and con-
tinued until September 30, 1973 to establish a basis for comparing beetle 
population fluctuations between the trap and conventional corn areas. 
Sampling methods consisted of plant counts (Chiang and Flaskerd, 1965), 
5-rnin collection counts (Chiang, 1973), and sticky traps made from 1.05-
liter cylindrical cardboard cartons coated with Tack Trap R Traps were 
~N 16 -rows 16-rows 
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Figure 1. Plot map, showing the two 16-row interplantings of mixed matur-
ity hybrid trap corn in a field of conventional corn. Sample 
sites appe ar as black dots. 
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positioned at ground level by placing the cartons over cornstalks cut 
about 20 cm from their base. The sticky traps were left in the field for 
l week, retrieved, returned to the laboratory, and rootworm beetles were 
counted. New sticky traps were installed weekly. 
To determine the age structure of rootworm beetles immigrating into 
the trap area, 100+ WCR and NCR a dults were collected weekly from the 
trap corn, returned to the laboratory, and sorted according to sex. One -
hundred females of each. species then were divided into groups of 10 and 
placed into 20 separate 8.89-cm diameter petri dishes . The bottom of each 
petri dish was lined with. moistened no. 1 filter paper, and an 8.89-cm-
diameter circle of moistened Cellu Cotton R was folded over and placed in 
the petri dish to serve as the oviposition substrate. Beetles were fed a 
mixture of fresh honey and pollen substitute. They were transferred to 
clean petri dishes weekly, and the Cellu Cotton wa s replaced. The ovi-
position substrates from the previous week were examined for rootworm 
eggs . Week ly egg counts and beetle transfers were conducted until all 
rootworms died. 
Soil samples were taken from the previously identified five sample 
sites in each strip of the trap and conventional corn on August 15 and 31 
and after the first killing frost. Samples were 0.47-liter aliquots from 
a composite sample (Chiang, 19731. Soil samples were processed in a corn 
rootworm egg extractor as reported by Chandler et al. (1966) but modified 
by Luckmann.5 Corn rootworrn eggs extracted from the soil were examined 
under a microscope, counted, and recorded. 
In 1974 the field was again planted to corn and treated with a root-
worm insecticide at planting time. As a measure of trap-com effective-
ness, four rows were left untreated in the middle of each of the two 
strips of the 1973 trap-com areas. Four rows of untreated corn also were 
left in the areas of each of the two sampled strips of 1973 conventional 
corn and along the two additional parallel strips of conventional corn 
marked in 1973 for use in 1974 . In the middle two rows of each of the 
six four-row untreated strips, emergence traps were used to monitor adult 
emergence in 1974. Twenty-five traps (five/sample site) were used for 
each untreated strip. The emergence traps were Rubber Maid R dishpans, 
29.21 x 34.29 x L3.97 cm, developed by Luckmann. The emergence traps were 
examined weekly, and captured beetles were removed, counted, and returned 
to th.e laboratory for sex determination . 
RESULTS 
Beetle Movement-1973 
Figure 2 shows movement of WCR and NCR from conventional corn to 
trap plantings of mixed-maturity hybrid corn. Significant WCR movement 
into the trap-corn areas on August 24 corresponded with ·the beginning of 
pollen-shedding in the trap corn, which continued until the latter part 
of September; and in the conventional corn was completed by the last week 
in July. Numbers of beetles / 25 corn plants and beetles / 5-min collections 
in the conventional corn indicated that quantitv of adult rootworm drop-
ped significantly on the same dates that numbers of adults were increas-
ing in the trap-com areas. Sticky traps, however, showed considerable 
Sw. H. Luckmann, Natural Re.sources Building, Illinois Natural History 
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Figure 2. Mean nUillbers of WCR and NCR present in the trap and conven-
tional corn according to the three sampling methods. 
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beetle activity in the adjacent conventional corn after the two other 
sampling methods indicated only slight WCR activity. 
Northern corn rootworm movement into the trap-corn areas began much 
later and · peaked later than WCR rrovement into the trap corn. Peak adult 
emergence occurred during the second week of August during both years of 
the experiment. 
Age Structure of Immigrating Females-1973 
The WCR females collected on the eight sampling dates deposited an 
average of 302 eggs/female-lifetime. Northern corn rootworm females de-
posited only 108 eggs / female-lifetime. Table 1 gives average numbers of 
eggs / female for each species. Except for the last beetle collection, egg 
deposition/ western female differed little among the eight consecutive 
sample dates. Egg deposition/northern corn rootworm was statistically 
greater (P=0.01) on the August 18 sampling date than on the two last sam-
pling dates, September 23 and 29. 
Table 1. Weekly means and least significant values (LSD=0.01) for egg 
deposition/rootworm (western and northern) from eight consecu-
tive sampling dates. Clayton County, Iowa. 1973. 
Sampling dates 
1. August 11 
2. August 18 
3. August 24 
4. August 29 
5. September 9 
6. September 15 
7. September 23 
8. September 29 
LSD - 0.01, WCR 





















Numbers of rootworm eggs / 0.47 liter of soil in the trap and conven-
tional areas did not differ significantly except on the second sampling 
date, August 31, when significantly more eggs / 0.47 liter of soil were 
recorded in the two trap areas. 
Adult Emergence-1974 
Table 2 shows results of adult rootworm emergence in 1974. With the 
exception of the conventional strip of corn 69 m beyond the one trap 
strip , mean numbers of emerging rootworms are not significantly different 
at the 0 .OS level of probability. This farthest-monitored conventional 
strip of corn (69 m beyond the nearest trap strip) had the greatest num-
ber of emerging adults/cage over the season in 1974. This would indicate 
that the 1973 trap corn about 69 m away h ad a lessening influence on WCR 
beetle productions in 1974. 
Consistently more NCR emerged from the conventional corn areas than 
in the adjacent trap area, indicating that ovipositing northern females 
did not move to adjacent trap plantings as did the western species. This 
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is consistent with data in Figure 1, which show a late migration to the 
trap-com areas by the northern species as opposed to the early movement 
to the trap areas by the western species. The monitored conventional 
strip of corn 69 m beyond the trap corn h-ad a statistically significant 
(P=0.05) greater number of NCR errerging. This, likewise, indicates dimin-
ishing trap-com influence on the northern beetles in 1973. 
Table 2. Average numbers of WCR and NCR adults emerged per sample site 
in each site in each consecutive monitored strip of trap and 
conventional corn. Clayton County, Iowa. 1974. 
Area 
Trap corn 
(a 12-m-wide strip) 
Conventional corn 
(a 23-m-wide strip between 
the 2 trap corn strips) 
Trap corn 
(a 12-m-wide strip) 
Conventional corn 
(a 23-m-wide strip adjacent to 
the one strip of trap cornl 
Conventional corn 
(a 23-m-wide strip 46-m beyond 
the one strip of trap corn) 
Conventional corn 
(a 23-m-wide strip 63-m beyond 
the one strip of trap corn)_ 



















Peak oviposition occurred hypothetically in late August and early 
September when the beetle population was greatest in the trap area. 
Sticky traps consistently showed beetle activity in the conventional corn 
sampling methods. Wh_ether there is a diel movement into and out of the 
trap and conventional corn areas by the sane population of rootworms or 
if the number of beetles captured by the sticky traps represent a popu-
lation level undetectable by the two other sampling methods is not known. 
Cinereski and Chiang (1968) suggested a seasonal movement when they 
reported that the food factor was unimportant to ovipositing NCR females. 
They stated that female beetles dispersed in search of food when food was 
sc·arce, but returned to the cornfield when gravid. In the study reported 
here female rootworms may h .ave returned to the conventional corn for egg 
deposition after having fed on fresh pollen in the trap area. 
CORN ROO'IWORM BEHAVIOR IN RESPONSE TO TRAP CORN 323 
Very low numbers of eggs were found in the trap area when one con-
siders the large beetle population present during peak oviposition the 
years before, but this is explainable. Population density can influence 
reproductive rates (Andrewartha and Birch, 1954}. But Cates (1968) re-
ported that oviposition rates of gravid female WCR crowded by 0, 1, 5, 
10, and 20 males were not significantly different. Pruess et al. (1974) 
reported that fields with low beetle populations the previous year had 
greater populations of the beetles t he next year and that fields with 
greater populations the previous year had lesser beetle populations the 
next year. This may be a real density-dependent factor inherent in the 
trap-cropping concept. Although not necessarily important in pre.eluding 
significant oviposition in the conventional cornfields, it could account 
for low egg deposition in trap-corn areas with large beetle populations 
and high egg count in the conventional corn with a very low beetle count. 
From Table 2, significant differences (P=O .05)_ in egg deposition and 
emerging adults during the next year were not obtained between sampling 
points in the trap area and the sarrpling points in the conventional areas 
within 46 m of a single strip of trap corn. Beyond 46 m, however, sig-
nificantly more adult rootworm emergence was observed than in the trap 
area. Therefore, the influence of two strips of trap corn was concluded 
to be not beyond 46 m -- a trap:conventional corn ratio of about 1:4. 
Although not significant (P=0.05), more NCR did emerge from the adjacent 
conventional areas than from the trap areas, and this certainly suggests 
that a 1:2 ratio of trap:conventional for NCR more aptly delineates the 
situation with this species. Therefore, in this experiment it seems 
plausible to conclude that the influence of the two 12-m strips of trap 
corn in a conventional cornfield lessens as the distance from the trap 
increases and probably loses its major influence when the distance ap-
proaches 69 m for the WCR and some distance less than that for the NCR. 
Because of inability to associate numbers of sarrples of life stages 
of the rootworm with categorized levels of economic damage to the roots 
of the corn plant, a final determination cannot be made whether the late-
planted trap corn does limit egg deposition to subeconomic levels in ad-
jacent, conventionally planted corn. 
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SMALL- MAMt1AL POPULATIONS AND EXPERIMENTAL BURNING 
OF DEWEY'S PASTURE, NORTHWEST IOWA, 1970-741 
M. H. ~Jell er2 
ABSTRACT. Data on species composition, population fluctuations, and 
habitat selection were gathered on small manunals of Dewey's Pasture from 
1970-74. Dominant vegetation at wet meadow sites differed markedly from 
hillside and hilltop sites, and most small manunals favored the more moist 
wet land edge. One April fire significantly reduced litter depth and 
height or species composition of plants . Manunal populations fluctuated 
greatly over th.e 5-year p eriod with the dominant populations of So'1.e.x 
une.'1.e.U6 and MiCAo:tuo pe.nV!.-6y.lvcmic.U6 showing the greatest variation. 
Spe.tunoph,tfuo tJUde.c.e.mline,a;tu.o, BfaJt,{_na 6'1.e..vic.auda, and ZapU6 huclooniuo 
increased on burned areas, whereas So'1.e.x and MiCAo~U6 declined less on 
burned than on unburned are as. 
INTRODUCTION 
In conjunction with studies of waterfowl on an I owa waterfowl nesting 
area, an attempt was made to assess populations of small mammals that 
function as buffer prey for waterfowl p redators (Byers, 1974). In addi-
tion, experimental burns used to enhance waterfowl nesting cover were 
evaluated to measure impacts on small mammals and possible indirect con-
sequences on predator feeding behavior. The resultant data p rovide infor-
mation on species composition, habitat use, and population fluctuations 
of small mammals during a five-year period, 1970-74. In addition to 
their present value as correlates for assessing influences of food selec-
tion of predators or influences of fire, these data will be useful in any 
quantitative analysis involving herbivores. Moreover, they will provide 
valuable baseline data in the future for ass essing population phenomena 
or human impacts on prairie remnants. 
STUDY AREA 
Dewey's Pasture is a state-owned , wildlife -management unit located 
about 8 km northwest of Ruthven, Iowa, in Cl ay County. It is a rolling 
morainal prairie of 136 ha (336 acresl, of which 63 ha (155 acresl are 
we tlands. Upland areas are dominantly bluegrass (Paa p'1.~e.vi6,U., )_ perhaps 
resulting from numerous years of grazing (Bennett, 1938) / but many prai-
rie grasses and forbs are p resent (see later description). Some patches 
of wolfberry (Sympho!UcCVLpo~ oc.ude.~ClLU:i ) occur on knolls, and clumps of 
lJournal Paper No . J,9219 of the Iowa Agriculture and Home Economics Ex-
periment Station, Ames, Iowa 50011 . Projects 1504 and 1969. 
2Formerly Department of Animal Ecology, I ow a State University, Ames,Iowa. 
Present addres s , Department o f Entomology, Fisheries, and Wildlife, 219 
Hodson Hall, University of Minnes ota, St. Paul, Minnesota 55108. 
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wild plum (P~unU6 hott:tulana) occur mostly where badgers 
and other fossorial mammals have disturbed the soil. 
PROCEDURES 
WELLER 
(T audea ta..xU6 ) 
A modified "North American trapline" (Calhoun and Casby, 1958) was 
used to sample mammal populations. There we re 20 stations of three snap-
traps each (total of 60 traps}; because of the small size of uniform 
stands of vegetation, intervals between stations were 7 . 6 m (25 feet) 
rather than the standard 15.2 m (SO feet). The three traps at each sta-
tion were shifted a maximum of 0.9 m (3 feet) from the marking stake to 
the most strategic trap site. Peanut butter was the standard b ait, and 
traps were rebaited each afternoon. 
Three traplines were p laced in each of two different exposures (north 
and east) with each line designed to sample different habitats: wetland 
edge, prairie hillside, and prairie hilltop. Each trapping period con-
sisted of seven nights, with two trapping periods each session. Because 
one person could not trap six lines concurrently and fulfill other obli-
gations, the first area (Pothole AlO, lines I, II, & III) was trapped 
during the second week of June and the second week of July; the second 
area (Mud Lake, lines IV V, & VI) was trapped during the third week of 
June and the third week of July. 
During 1973 three areas (Nos. 1~3) of 0.65 0.65, and 0 . 81 ha (1.6, 
1.6, and 2.0 acres) were burned, and one served as a control (No. 4 - 0.8 
ha). Two experimental plots were burned in 1973 . In 1974 one area of 
1.82 ha (4.5 acres; No. 6) was burned completely while another of 2.02 ha 
(5 acres; No. 5) was subdivided into five units. Three of these units CA, 
c, and El were burned; Band D served as controls. Burned plot No. 2 
(Mud Lake). was trapped for mammals on a regular basis; a trap line near 
pothole AlO served as its control. 
Vegetative data were gathered differently at trap sites (Pothole AlO 
Control and Mud Lake Burn No. 2) and in the untrapped burn area (Plot 5). 
Along traplines, dominant species were recorded in 1972, and height of 
vegetation was recorded before (1972) and after (July, 1973) the April , 
1973 burn. More detailed information was gathered on species composition, 
height, and litter depth on burn plot 5 by means of eight observations in 
each of 90 to 93, 40 X 100 cm, randomly selected plots. 
The Mud Lake (east-facing) trapping are a was burned in Apri l of 1973 
(Burn plot 2) following preliminary trapping during June and July of 1971 
and 1972. Follow-up trapping was conducted during June and July of 1973 
and 1974. Controls for mammal data were formed by pre- and post-trapping 
efforts, and for vegetation data by comparison of the unburned are a by 
Pothole AlO (north-facing site} with the burned Mud Lake area. 
RESULTS 
Vegetation 
Percentages of occurrence of dominant plants at all trapping stations 
in 1972 are pooled by habitat in Table 1. Species composition of wet 
meadow sites clearly differed from that at the drier areas. Whereas blue~ 
grass dominated both hillside and hilltop sites, sedges CC~ex spp.) and 
cordgrass (Speui,t{_na spp.) were p r ominent near the wetlands. On the basis 
of the plant occurrence data in Table 1, the presence of wheat grass 
(AR~Opy~on ~mi.;thU:j was the major difference in vegetation between hill-
top and hillside plots. 
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Table 1. Frequency of occurrence of vegetation based on dominant species 
recorded at each of 40 trapping stations in each of three habi-
tat types, Dewey's Pasture, July 1972. 
Wet Meadow Hillside Hillto,E 
NO. % No. % No. % 
Cordgrass 
(Spa.!Uina pec.,ttnata) 11 27. 5 0 0.0 0 0.0 
Sedge 
(CCVtex spp.) 11 27.5 0 0.0 0 0.0 
Whi tetop 
(S c.o.lochfoa 6utuc.ac.ea) 6 15.0 0 0.0 0 0.0 
Reed-Canary Grass 
(Phai_evU_,6 CVtundinac.eal 1 2.5 0 0.0 0 0.0 
Mixed Forbs 8 20.0 5 12.5 3 7.5 
Bluegrass 
( Poa pJz.aten.o)A ) 3 7.5 33 82.5 31 77.5 
Brome 
(BMmu.6 in el!JnUi ) 0 0.0 1 2.5 0 0.0 
Big Bluestem 
(AndJto pogon oUJz.c.atu.61 0 o.o 1 2.5 2 5.0 
Wheat grass 
(AgMp!:fJz.On .6~) 0 0.0 0 0.0 4 10.0 
40 100.0 40 100. 0 40 100 .0 
Plant species richness (the number of species found in quadrats) in-
creased slightly in all three burned plots (Table 2), although the dif-
ference was not statistically significant on the trapped area (Plot No. 
2). Mean maximal height of vegetation at trapping stations increased 
dramatically from 1972 to 1974 on most traplines (Table 3). Whereas an 
increase in height might be expected after a burn, the degree of increase 
was not consistently related to burn or control plots. 
Table 2. Mean number of species found in sampled quadrats before and af-
ter the 1973 burn (sample size in parentheses) in both control 
and burned plots. Data from Messenger (1974). 
Plot 1 Burn 
Plot 2 Burn (Mud 
Plot 3 Burn 






5.1 ( 37) 
7 .1 (37) 
7 .1 (37) 
Postburn 1973 
8. 7 (44) ** 
6.0 (41) 
8.6(44) ** 
7 .1 ( 37) 
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Table 3. Mean maximum height in cm of vegetation at 120 trapping stations 
(20 per line) with percentage difference before (1972) and after 
(1974) burning on traplines IV, V, and VI (Burn Plot 2). 
I Iva II va III VI a 
Preburn 1972 62.8 74.9 42.l 40.8 Sl.l 37.6 
Postburn 1974 93.S 118.l 70.6 Sl.6 S9.9 so. 7 
Difference +30. 7 +43.2 +28.S +10 .8 +8.8 +13.l 
Percentage increase 48.9 S7.7 67. 7 26 .S 17.2 34. 8 
~urned in 1973. 
Litter depth decreased significantly as a result of the burn on five 
burned areas, whereas there was either a significant increase or a non-
significant decrease in litter depth of the two controls (Table 4). 
Table 4. Effects of burning on mean litter depth on Dewey's Pasture b ased 
on eight measurements on each 40 X 100 cm plot (sample size in 
parentheses). Data from Messenger (1974), plot 1-3. 
April 1973 Burns 
Plot 1 (Burn) 
Plot 2 (Burn) (Mud Lake} 
Plot 3 (Burn) 
Plot 4 (Control} 
May 1974 Burns 
Plot SA, C, & E (Burn) 
Plot SB & D (Control) 
Plot 6 (Burn) 
* Significant at O.OS level. 
**significant at 0.01 level. 





















8 . 9 (216) * 
1.0(216)** 
Composition of the mammal populations according to the three habitats 
is shown in Table 5. The masked shrew (.S oll.e.x une.Jr.e.uo) and meadow vole 
(Mi cJW.tU6 pe.nYl}., ylvwU.c.U6) were the most abundant of five native species. 
Only one house mouse CMuo mU6 c.u1U6) was taken of nearly 600 mammals 
trapped. Wet meadow habi tats consistently held the largest population 
dominated by, and presumably favored b y , the meadow vole and masked shrew 
(Table 5). Drier sites were favored b y the thirteen-lined ground squir-
rel (S pe.ll.mophilU6 .VU.de.c.e.mune.a.tU6 l. 
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Some dramatic annual changes occurred in population over the 5-year 
period . These are best s hown in data for the unburned control plot de-
tailed in Table 6. Most species reached a peak in 1972 and declined to 
5-year lows thereafter. It is unfortunate that additional years of data 
are not available to assess possible cyclic phenomena. 
The burn and postburn data are shown in Table 7. Comparisons are 
complicated because of a decline in populations on both unburned (Table 
6) and burned (Table 7) plots in 1973. Moreover, populations on the Mud 
Lake burned area (Table 7) were generally lower than those of the un-
burned control (Table 6). Pre- and post- burn data on the Mud Lake area 
indicate that populations of the thirteen-striped ground squirrel and 
jumping mouse (Z apw.i hud6orU.w.i) increased (or at least were more trap-
pable) on the burned area in the year following the burn (Table 7) . A 
comparison of Tables 6 and 7 shows that populations of Mic.Jw~Uli decreased 
less on the burned than on the unburned area but the data are too limited 
to be reliable. So~ex populations increased tremendously on the burned 
area in the second year after the burn . Short-tailed shrews (B fcur,{_na b~e­
v~cauda ) seem to have increased more on postburn areas than on unburned 
areas and, like So~ex, were most numerous when other species were at 
their lowest level. 
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Table 5. Number and percent frequency of occurrence according to habitat type, and rank of species of mammals 
trapped on unburned Pothole AlO area of Dewey's Pasture, based on two trapping periods per season, 
1970-74. 
Wet Meadow Hillside Hilltop 5-yr % of 5-yr 
(Line 1) 5-yr (Line II) 5-yr (Line III) 5-yr 5-yr Species Total 
Subtotals % Subtotals % Subtotals % Total Rank Species 
So11.e.x UYL Vt e.u-6 143 45.4 83 26 .3 89 28.3 315 1 52 .9 
MicJr.o .tu-6 pe.rin.6 ylva¥Uc.u-6 83 40.9 45 22.2 75 36 . 9 203 2 34 .l 
s peJtmo pWu-6 .t!Ude.c.e.mUn.e.a.tu-6 3 7.5 15 37 .5 22 55.0 40 3 6.7 
Zapu-6 hucl!.io¥Uu-6 6 42.9 6 42.9 2 14.2 14 4 2 .4 
PVtomy~c.u-6 ma¥Uc.ula..tu-6 5 41. 7 3 25.0 4 33 .3 12 5 2 .0 
BlcvU.ria b11. e.v~c.auda 8 80.0 2 20.0 0 o.o 10 6 1. 7 
Mu-6 mu-6 c.ulu-6 0 o.o 0 o.o 1 100.0 1 7 --2.d 







Table 6. Small mammal catches on unburned control area Pothole AlO, 1970-74. I t"' 
'd 
0 
Wet Meadow Hillside Hilltop 
'd 
8 Species (Line I) (Line II) (Line III) Totals ;i,i 












12 6 62 3 0 10 4 31 0 0 19 3 51 0 2 41 13 144 3 2 ~ 
H 
Sp vuno ph..Uu.6 i 
.t!Ud e.c. emun. e.Af.u.6 2 1 0 0 0 10 1 1 3 0 5 1 9 6 1 17 3 10 9 1 ~ 
Zapu.6 °' c::: 




marU.c.ulaA:uJ.:i 1 2 1 0 1 3 0 0 0 0 0 0 4 0 0 4 2 5 0 1 
B.ta!Un.a 
b11.e.v..<..c.auda 5 1 0 1 1 0 1 0 0 1 0 0 0 0 0 5 2 0 1 2 
Mu.6 
mu.6c.ulu.6 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 _o 0 1 _.Q 




Table 7. Preburn (1971 and 1972) and postburn (1973 and 1974) small mammal 
Wet Meadow Hillside 
Species (Line IV) (Line V) 
1971 1972 1973 1974 1971 1972 1973 1974 1971 
Pre Pre Post Post Pre Pre Post Post Pre 
SoJte.x UVLe.tLe.M 40 46 8 40 30 35 5 19 19 
M,i_CAotM pe.viJU yf vwUc.uJ.i 6 25 4 0 2 23 1 0 0 
Spe.Junoph-i.,tu,6 ,t;vi..de.c.e.mLi.ne.CLtU6 3 1 1 0 2 2 4 5 4 
Zapu.6 hud-6 OMU6 21 9 17 0 1 4 3 0 1 
Pe.Jtam!fl.i c.M mwUc.ufatw.i 1 0 0 1 0 0 1 0 0 
B.la.tUvia bJte.v,i_c.auda __] 0 4 ~ -9 _Q _Q -1. _Q 













Mud Lake Burn Area No, 2. 
Totals 
1974 1971 1972 1973 1974 
Post Pre Pre Post Post 
7 89 117 13 66 
0 8 57 5 0 
2 9 13 28 7 
1 23 14 21 1 
3 1 0 4 4 
-1. ~3 __ o 4 1.§. 
15 133 201 75 94 
w 
w 
N 
